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A visit to informal science learning settings such as science museums and 
science centres can influence multidimensional aspects of visitor experiences and 
outcomes including cognition, affect, attitude, interest, motivation and behaviour 
related to science and learning. While many informal settings aim to provide science 
learning opportunities for the general public, geographic distance can exclude some 
social groups, particularly in regional and rural areas. To overcome obstacles of distance 
and travel expense to museums, science outreach programmes can bring science to 
target audiences who would not or could not come to visit the museums. Evaluating 
such programmes can help determine the impact of participation on visitors’ learning 
experiences. This thesis is a case study examination of the impact of an outreach 
programme run by the National Science Museum (NSM) of Thailand – the NSM 
Science Caravan. Science Caravan has been organised as part of equity works to 
increase access to museums for Thai children, particularly those in rural areas around 
the country.  
To measure changes in students’ attitude and motivation towards science 
learning as a result of participation in Science Caravan, a pre-test/ post-test design was 
used to analyze the difference before (N = 1,424) and after (N = 1,104) participation in 
the intervention. Direct observation was conducted as an unobtrusive approach to 
investigate students’ learning-related behaviours while they engaged with interactive 
exhibits (N = 589). Semi-structured interviews were conducted with 43 high school 
students from four provinces to provide further reflection and self-report.  
The quantitative analysis of changes in students’ attitude and motivation 
towards science learning was based on psychometric measurements. One advantage of 
this study is that different aspects of attitude and motivation towards science learning 
were defined and measured separately with reliable and unidimensional measures. The 
results of self-report questionnaires showed that participation in Science Caravan 
activities had a positive impact on all three elements of attitude towards science 
learning: (1) Affect - Personal feelings; (2) Cognition - Perceived value; and (3) 
Behavioural intention - Future participation, as well as three dimensions of motivation 
towards science learning: (1) Interest; (2) Intrinsic motivation; and (3) Self-efficacy.  
Data analysis involved structural equation modelling - based on the theoretical 
framework developed in this study - to predict an intention of future participation in 
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science. Results showed that engaging in Science Caravan activities had a more 
substantial impact on students’ attitudes about science than on their motivation towards 
learning science. However, both constructs influenced students’ intention of future 
participation in science. There were no effects of gender or education levels on either 
the attitude or motivation construct. Observation of students while they engaged with 
exhibits provided empirical evidence of learning-related behaviours and potential 
learning-related outcomes. A large majority (80%) of observed students showed overt 
active engagement that can contribute to affective and cognitive learning. Exhibits 
which present a combination of counterintuitive phenomenon together with multiple 
options of manipulation encouraged higher levels of learning-related engagement. This 
has potential to influence in-depth learning outcomes and would be interesting to 
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The National Science Museum (NSM) Thailand was founded to provide a lifelong 
learning resource to the people of Thailand. Its mission is to focus on presenting relevant 
science-related experiences for Thai people of all ages. It aims to enhance understanding 
of science and positive attitudes towards science and technology, and encourage learning 
with enjoyment through interactive exhibits and hands-on activities. NSM serves over a 
million visitors a year; these are mainly school students coming to visit its five museums, 
all of which are located in the centre of the country, just outside of Bangkok, a city of 66.5 
million people. Because of distance and expense, many children in rural communities are 
not able to access resources provided in the NSM buildings. In order to provide students in 
all Thai communities access to a similar quality of educational services as those in the 
central parts of the country, NSM has initiated outreach programmes which aim to provide 
Thai people access to informal learning resources in all regions. The most significant 
outreach programme of NSM is Science Caravan.  
 Science Caravan was officially established in 2008 by NSM Thailand, with an aim 
to promote, inspire and encourage children in rural communities to learn science with 
enjoyment and to increase awareness of the importance of science and technology. This 
thesis examines the effectiveness of the NSM Science Caravan. In this first chapter, the 
rationale behind the research aims is discussed in relation to the objectives of the Science 
Caravan programme.  
Science Caravan affords opportunities for visitors to engage in the direct experience 
and exploration of a wide variety of scientific phenomena, concepts and principles by 
interacting, experimenting and seeking answers with enjoyment. While Science Caravan 
has been deemed successful in terms of the number of school students who have 
participated since the programme began, it is unclear whether specific aims of the project 
have been achieved.  This research project focuses on whether or not high school students 
are motivated to learn and demonstrate learning behaviours when engaged with the 
interactive science exhibits in NSM Science Caravan. The results of this study can be used 
to improve the effectiveness of Science Caravan to enhance visitor learning experience, 
attitudes and motivation towards science learning. 
To begin, a description of Science Caravan’s science outreach programme is 
presented. I worked with the programme for ten years before undertaking study towards a 
PhD, and my background is described. The context of informal education or informal 
learning in Thailand is outlined.  
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1.2 About the NSM Science Caravan  
An NSM Science Caravan tour in the form of a travelling science museum reaches 
provinces in all regions of Thailand outside of Bangkok. Science Caravan provides children 
and others, including those from rural and remote communities, the opportunity to learn 
science with enjoyment as well as to inspire, encourage and motivate people to learn about 
science and technology.  Each year, over 200,000 people visit Science Caravan, mostly 
school children aged 10 to 18 years old. The programme visits over 40 places in different 
provinces across all regions of Thailand and can visit all provinces across Thailand in a 
three-year cycle.  
A classic model of science outreach interventions or science centre/museums 
outreach programmes involves science lab outreach or mobile laboratories, often with one 
topic or type of activity provided for students (e.g. Garner et al., 2015; Itzek-Greulich et 
al., 2015; Itzek‐Greulich & Vollmer, 2017). In addition, many mobile museums feature 
traveling-bus or tractor trailer-style programmes that have built-in exhibits inside the 
vehicle and allow visitors to come and participate in the exhibition inside. The NSM 
Science Caravan has a 40-foot tractor-trailer travelling together with a bus which are used 
to transport the museum contents to the target venues (Figure 1.1); these include all 
exhibits, a loudspeaker system, tools, and materials for exhibiting and organising the 
programme which are then set up at each venue. The tractor-trailer and the bus are eye-
catching and act as an advertisement for the programme, since they are wrapped with 
attractive science-related graphic design incorporating logos of Science Caravan, NSM, 
and sponsors.  
 
Figure 1.1 A bus and trailer are parked as a landmark for a Science Caravan venue. 
For each venue of the Science Caravan events, the programme occurs over seven 
days. The first three days of the programme involve staff travel, logistics, volunteer 
training, and setting up all exhibits and activities. This is followed by four days operation 
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of Science Caravan which is open to school groups and, in some instances, the wider 
public. The venues of Science Caravan settings are mainly provincial high schools and 
local universities which have been surveyed and organised beforehand in order to ensure 
the places are suitable and available.  The travelling Science Caravan team meets the trailer 
at the venue, generally on Sunday morning (the second day of the tour), and the process of 
setting up is started. The first task is to unload all exhibits, including tools and materials, 
from the trailer and bring things into a space where NSM staff can get started on setting up 
the exhibits. All exhibits and other activities are designed and fabricated in-house to be 
suitable for a travelling programme. The venue can be fully set up within a day by five or 
six well-trained staff. Once everything has been unloaded, the trailer is parked near the 
exhibition area as a landmark that will signal to visitors that ‘Science Caravan is here’.  
Due to the large-scale nature of the outreach programme and limited number of 
NSM staff, Science Caravan recruits local people to be volunteer explainers. Depending 
on the setting venue, 60 to 80 senior high school students or university students are 
recruited to be on-site local volunteer explainers for a five-day period. The first day 
involves volunteer training; the volunteers receive training in science communication skills 
and service before they connect with the public, including an intensive workshop course 
with practical training of how to convey messages to visitors in different age groups. On 
their second day, volunteer explainers are divided into groups, assigned to different 
activities in Science Caravan and trained how to work and take responsibility for their 
specific duties onsite. For example, the explainers who are responsible for interactive 
exhibits are trained on how to encourage visitors to interact with the exhibits and how to 
explain to the visitors the scientific principle that is illustrated by their exhibit. On the event 
days, explainers are given blue vests to enable visitors to distinguish them from other 
visitors.  
The Science Caravan is open at each venue: Tuesday - Friday: 0830 - 1600 hrs. 
When school groups arrive at the venue they first register with NSM staff at a site 
designated for Visitors Services before starting to interact with exhibits and other activities 
(described below). Here, visitors are given information about the activities available at the 
event, and the regulations and restrictions about being in the venue. Another objective of 
registration is to check the number of students in each group and their level of education in 
order to suggest activities that best suit students’ abilities. For example, science laboratories 
are designed for grade 10 - 15 school students to participate in as an extension of their 
classroom curriculum; this is appropriate for those grade levels because of the needs of 
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basic experimental skills and basic knowledge about the activities’ contents. In the case of 
a science show and a mobile planetarium, these activities may appeal to younger visitors 
but have limited seating capacity to accommodate visitors at particular showtimes; as a 
result, visitors need to reserve seats before attending those activities.     
The Science Caravan consists of six main groups of science-related activities: 
(1) Interactive science exhibits 
The central division of Science Caravan is the exhibition space which consists of 
60 tabletop interactive exhibits grouped into six categories according to scientific principles 
and themes: i) force & motion; ii) reaction & sight; iii) electricity & magnetism; iv) light - 
colours & sound; v) mathematics; and vi) puzzles. The exhibits are set up altogether in the 
ample space of a multi-functional building, stadium or convention hall (see Figure 1.2). On 
some occasions, if space is available, hands-on activities and a mobile planetarium, as well 
as an additional exhibition provided by other organizations, are also arranged in the same 
area with Science Caravan. The aim of these exhibits is to encourage visitors’ self-
determined learning in a true free-choice learning space and promote self-learning 
experiences through experimenting and discovering for themselves.  
 
Figure 1.2 A typical setting of the exhibition space of Science Caravan. Exhibits in different 
categories are colour-coded, facilitating transport and set-up. 
(2) Hands-on activities  
The concept of hands-on activities is to allow visitors to make their science toys 
under the supervision of volunteer explainers who also give a scientific explanation about 
how the toys work (Figure 1.3). The toys are composed of simple materials that can be 
easily found in everyday lives, which, with their new understanding of the concept of the 
toy, allows participants to experiment after their visit; they may adjust the components of 
the toy, such as materials, length, sizes, etc., as variables. The aim of the activities is to 
promote self-learning experiences through experimenting and encourage practicing 




Figure 1.3 One of the hands-on activities is called a balloon rocket. 
(3) Science shows 
One of the most popular activities in Science Caravan is the science show (Figure 
1.4). Each show is developed to demonstrate a science concept, particularly physics 
concepts (e.g. electricity, force and motion) or chemistry concepts (e.g. acid-base reactions, 
freezing and melting points of a substance). The aim of the science shows is to aid the 
understanding of scientific phenomena in everyday lives through humour and 
straightforward demonstrations. The shows ask audience volunteers to participate in the 
demonstrations on the stage. The shows run at particular showtimes, with a maximum six 
rounds per day, and lasts 35 - 40 minutes per show.  
  
Figure 1.4 Science shows. 
(4) Science laboratories 
The science lab activities give visitors the opportunity to work on scientific 
experiments using authentic scientific equipment which they may not otherwise have 
access to (Figure 1.5). They are encouraged to demonstrate critical thinking through 
experimentation in relation to the topic and objectives of the experiment. Visitors can 
enhance their scientific experimental skills and particular scientific knowledge, and are 
encouraged to apply scientific thinking and reasoning in their everyday lives. This activity 
is run at particular times, with a maximum six rounds per day per lab, and takes 35 - 40 




Figure 1.5 Science laboratories. 
(5) Maker Space 
 The Maker Space activity provides a workspace to encourage visitors working as a 
team to create something in order to accomplish an assigned quest within a particular time 
frame (Figure 1.6). Visitors are divided into groups of four to five people. During this thesis 
study, the quest involved creating a flying object that can float in a vertical wind tunnel to 
test stability and altitude of floating. Participants could use any materials provided in the 
activity such as paper cups, paper clippers, cardboard, cellophane tape, etc. The Maker 
Space activity is run at particular times, with a maximum six rounds per day, and takes 40 
- 45 minutes per round.     
    
Figure 1.6 Maker Space.  
(6) A mobile planetarium 
 An inflatable planetarium offers a unique guided experience of watching stars on a 
night sky. In the dome, one of the Science Caravan staff explains some basic astronomy 
related to stars and star constellations that can be seen at the particular time and space where 
the Science Caravan is currently exhibited (Figure 1.7). In addition, the presentation shows 
the simulation of the origin of the universe and our solar system to enhance visitor 
understanding of cosmology. The activity is run at particular times, with a maximum eight 




Figure 1.7 Mobile planetarium. 
1.3 Researcher background 
During my ten years of experience working as a science communicator at NSM, 
Thailand, my role has been to enhance visitor knowledge, understanding, imagination and 
skills in science and technology through development and delivery of scientific exhibits 
and activities. Simultaneously, I have been working in the field of science communication 
and have accumulated hands-on experience through writing scientific articles, developing 
scientific content for digital media online (such as e-exhibitions, e-Books), and intensive 
work for Science Caravan.   
My particular responsibilities at NSM have been to interpret and simplify scientific 
content in order to develop exhibits/exhibitions, activities, and short-term educational 
programmes. I have designed and produced media materials for science communication, 
and organised Science Caravan events in different provinces throughout Thailand. In 
addition, part of my responsibilities has included being a trainer who teaches the scientific 
content of each exhibit and hands-on activity to NSM staff who are on-site trainers. From 
my perspective, this duty is important since we must ensure that the key messages of the 
exhibits and activities are conveyed to visitors correctly. Therefore, ad hoc assessments of 
knowledge acquisition have been conducted with visitors from time to time. We have made 
a significant effort to develop the content to promote science education to students. All of 
these responsibilities contribute to the primary purpose of NSM which is to inspire and 
encourage both children and the general public to develop an interest in science.  
From the beginning of Science Caravan, the focus of NSM evaluation has mainly 
involved counting the number of visitors and measuring affective outcomes, particularly 
regarding visitor satisfaction. Questionnaires have been delivered but normally consisted 
predominately of ‘Yes’/’No’ questions and three -point Likert type items. These simple 
surveys were conducted from time to time by myself while I was working with the Science 
Caravan, but unfortunately there was no an official publication of the record. From my 
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perspective, however, it seems like Thai students are likely to give a positive response to a 
self-report evaluation; this sparked my curiosity about whether the results of those 
evaluations were reliable. The instruments were not developed to meet a robust quality of 
measurement relating to psychological constructs. In addition, overall satisfaction cannot 
define particular aspects of learning outcome derived from a Science Caravan visit. If the 
goal of an impact evaluation is to obtain valuable data to improve Science Caravan in the 
future, the validity and reliability of the measurement tool needs to be determined. 
Therefore, development and validation of an instrument to measure psychological 
constructs, including attitude and motivation towards science learning were included as 
part of this study.   
Benefits of this research include documentation of the Science Caravan programme 
effectiveness in enhancing understanding and a positive attitude towards science, including 
encouraging motivation towards science learning. This has implications for other science 
engagement and outreach activities which aim to encourage children to learn science with 
enjoyment and on top of that to create awareness of the relevance of science to everyday 
life.   
1.4 Informal education in Thailand  
Thailand’s educational system is categorized into three types – non-formal, formal, 
and informal (Jangdecha & Larpkesorn, 2018). Non-formal education aims to provide 
literacy, living, and occupational skills to Thai people who lack the opportunity to enrol in 
basic education. The curriculum employed in non-formal education is different from formal 
education which is adjustable to suit the context and identity of each local area and mainly 
aims to improve quality of life. The outcomes of non-formal education are attuned to the 
applications to real-life situations of knowledge gained and improved skills, such as 
technical and vocational training, which are relatively connected to local community 
lifestyles and resources (Sungsri, 2018). 
Since 1999, Thai formal education has been divided into basic and higher education. 
Basic education including pre-primary (kindergarten), primary (elementary), and 
secondary (lower and upper high school) levels is offered free (at public schools), and is 
compulsory up to upper high school (Fry, 2018). Upper secondary education is divided into 
two streams – academic and vocational. In the academic education stream, students are able 
to choose to study science or art.  
10 
 
Informal education was initially considered part of non-formal education since both 
are designed for children and adults in rural communities and remote areas to provide basic 
knowledge and skills as well as lifelong learning resources (OECD/UNESCO, 2016). 
Informal education in Thailand was officially announced in the National Education Act as 
a type of education that enables people of all ages to learn by themselves with respect to 
individual interests, capabilities, and opportunities. Sources of learning may be other 
people, local wisdom, first-hand experience, community, environment, and other informal 
learning resources (Cuttariya & Panthep, 2018; Sungsri, 2018). Today, informal education, 
includes that in a variety of learning institutes such as public libraries, museums, and parks 
is a vital component of the lifelong education system in Thailand (Triyarat, 2017). 
In a similar definition in a global perspective, informal education is not restricted 
to museums or science centres. It covers learning that is 1) taking place outside of school 
settings (Rennie, 2014); 2) based on personal experience, competence and performance, 
feedback or support from other people, and perceived value of a task (Eraut, 2004); and 3) 
voluntary, learner-oriented, learner-centered, and influenced by social interactions 
(Wellington, 1990). These play a crucial role in lifelong learning (Falk & Storksdieck, 
2010). Informal learning has been described either in the domain of the ‘context’ or the 
‘nature’ of learning (Stocklmayer et al., 2010). In a report entitled Learning to be: The 
world of education today and tomorrow by UNESCO, informal education or lifelong 
learning is defined as learning that continuously evolves at all stages of life (Faure et al. 
1972).      
While lifelong learning is commonly related to free-choice learning experiences 
that can take place in many types of informal settings (Jones et al., 2017), the characteristics 
a lifelong learner is required to have include learning strategies, motivation to learn, and 
positive feelings towards learning; they must also have available resources (De la Harpe & 
Radloff, 2000). Thailand accepted and put the idea of “lifelong learning” into the National 
Education Plan in 1978 as a goal of informal education. Efforts have been made to provide 
learning opportunities to enable Thai people to learn as much as possible through a variety 
of lifelong learning facilities (Cuttariya & Panthep, 2018), such as public libraries, 
museums, art galleries, zoos, and aquariums, public parks, botanical gardens, science and 
technology parks. These approaches play a crucial role in a myriad of learning experiences 
(Longnecker, 2016). Free-choice learning experiences can play a significant role for 
adolescents in particular with long-term learning outcomes and career aspirations (Dabney 
et al., 2012).    
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Science museums are one of the informal education institutes established to provide 
science learning environments. The National Science Museum (NSM) is currently 
comprised of four museums – Science Museum, Natural History Museum, Information and 
Technology Museum, and Rama IV Museum, all administered by the Ministry of Higher 
Education, Science, Research, and Innovation. The aims of the NSM are to 1) motivate and 
encourage Thai society to be interested in and value the importance of science to national 
development, and 2) develop positive attitudes towards science and technology in Thai 
children. To achieve these objectives, the museums have developed a broad spectrum of 
exhibitions, activities, programmes, and media materials for science communication to 
promote science learning for Thai people of all ages (National Science Museum, 2018).  
Although the museums attempt to reach out to the public via a variety of resources 
and channels, people who are aware of the resources and visit mostly come from urban 
areas of both the capital and surrounding regions. Since the four NSM museums are located 
in the same area in the central part of Thailand, just outside of Bangkok, people in other 
regions, including schools with limited funding, are less likely to visit the museums because 
of the distance. As children in regional communities have less opportunities to visit the 
NSM museums, the NSM Science Caravan project was initiated to decrease the barriers of 
geographic distance and increase access to services provided by the museums. In other 
words, Science Caravan makes a science museum accessible to children of all the regions 
across Thailand and in particular, in regional communities. 
1.5 Inclusive informal science learning 
  In 1992, a report from the American Association of Museums entitled Excellence 
and Equity: Education and the public dimension of museums guided museum 
administrators and professionals to expand the role of institutions in order to diversify their 
audiences without boundaries and increase educational opportunities for people of all ages. 
One of the challenging ideas stated in this report is “Museums must become more inclusive 
places that welcome diverse audiences, but first they should reflect our society’s pluralism 
in every aspect of their operations and programs” (American Association of Museums, 
1992, p. 5). In other words, the programmes, activities, and exhibitions of museums should 
serve a cultural diversity of audiences by considering the needs of diverse target audiences 
(Feinstein, & Meshoulam, 2014). 
While museums interpret and respond to the challenge of equity in different ways 
depending on the context of each society and institution, a common component related to 
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equity is an outreach programme in order to take science to target audiences who would 
not or could not come to visit the museum (Bryant et al., 2015; Feinstein & Meshoulam, 
2014; Stocklmayer, 2003). For many people, visiting museums is not part of their lifestyle 
(Dawson, 2014b), and school children in rural or remote areas face additional challenges 
because of their geographic isolation (Arnold et al., 2005). Travel distance, education level, 
interest, and attitude towards informal learning institutions are statistically significant 
predictors of visitation (Shein et al., 2019) as are limited school funding and lack of time 
(DeWitt & Storksdieck, 2008). 
Today, many organisations and ministries are involved in providing informal 
science learning in the forms of activities, short-term educational programmes, training, 
and outreach programmes. These differ depending on the expertise and responsibilities of 
each institute and the suitability for each target audience. Many interventions have been 
initiated with the aim of disseminating academic-related information through educational 
activities and professional programmes (Cuttariya & Panthep, 2018). This can differ from 
the primary objectives of museum academic staff who generally perceive that the goals of 
science museums are to make science accessible to the general public, change public 
perception towards science, and promote science education as a learning experience rather 
than acquiring particular scientific content (Shaby et al., 2016). However, expanding a 
more accessible, inclusive, and equitable approach is also a crucial challenge for those 
institutions (Dawson, 2014a). Related to this, impact evaluation studies on science 
education in informal learning programmes/settings in the past have often narrowly focused 
on particular groups of visitors, who tend to be relatively affluent, mid-range 
socioeconomic status, and living in urbans areas (Dawson, 2014b). Many studies have only 
assessed small sample sizes (Whitesell, 2016). 
This thesis research is unique. It examines the impact of informal science learning 
in an outreach programme initiated by the Thailand government’s NSM Science Caravan. 
The programme has been organised as part of equity works to address challenging aspects 
of museum access for Thai children, particularly in rural areas across the country. The 
research examines the impact of participation in the programme. It is based on a social 
science framework and methods, with specific focus on psychological and potential 
learning-related outcomes that will be discussed in Chapter 2. Investigating visitor 
learning-related active engagement with exhibits can reveal insights into the characteristics 
of exhibits that influence visitor learning experiences taking place in a free-choice setting 
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like an exhibition space. Large sample sizes were used to provide a more accurate 
representation of participants across the country.    
1.6 Structure of the thesis  
This thesis consists of seven chapters. This first chapter provides an overview of 
the project and its context. 
Chapter 2 Literature review is a synopsis and critical analysis of the theories and 
concepts related to learning as well as contextual factors and consequent learning 
experiences of a visit to informal learning settings. Chapter 2 examines literature related to  
attitudes and motivation towards learning in different dimensions and contexts, including 
three elements of attitude: Theory of Planned Behaviour; Self-efficacy theory, a person-
object theory of interest; and Self-determination theory.  Relationships among some of the 
psychological constructs are reviewed, particularly those which could potentially be a 
predictor of another construct with regard to the effect of participation in informal science 
learning settings. The chapter outlines a framework used to inform the thesis research as 
well as stating the research questions. 
Chapter 3 Methodology describes the research design and methods of this study. 
Mixed methods were employed to collect data, including pre- and post-test questionnaire-
based survey, behavioural observation, and semi-structured interview. Instruments for 
measurement of attitude and motivation were developed to meet the acceptable requirement 
of psychometric properties. A pilot study is described as part of the development of the 
survey instruments. This leads to a detailed description of participant selection, data 
collection, sampling strategies, and data analyses.   
Chapter 4 Visitor behaviours and potential learning - related engagement in 
the exhibition space of Science Caravan presents and discusses findings of observable 
learning behaviour of students while engaging with interactive exhibits, addressing 
Research Question 1: ‘Do school students manifest learning behaviours when they engage 
with interactive exhibits at Science Caravan?’ and Research Question 2: ‘What 
characteristics of Science Caravan exhibits correspond with increased engagement and 
learning?’ Gender, education levels, and peer interactions were observable factors 
influencing different levels of learning behaviour in the framework used in this study. This 
chapter also explores exhibit characteristics that relate to learning behaviours, providing 
evidence of how participants learn.   
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Chapter 5 Impact of Science Caravan on attitude and motivation related to 
science learning addresses Research Questions 3 and 4: ‘Does a visit to Science Caravan 
change attitudes (3) and motivation (4) towards science learning?’. By comparing results 
of pre-test and post-test surveys, a change in students’ attitude and motivation will be 
revealed, using the scales and constructs underlaying the attitude and motivation measures. 
Participant demographics, including gender and education level, influencing learning in the 
Science Caravan are revealed. 
Chapter 6 Learning preferences, expectations and learning experiences in an 
informal science learning setting presents and discusses participant demographics and 
information in relation to three main topics: outcome expectations and perceived 
attainment; scientific principles participants could relate to their everyday lives; and student 
perception of effective ways of self-learning before and after participating in the Science 
Caravan. This information is used to discuss influences on visitors’ learning-related 
behaviours that are were observed while engaging with interactive exhibits (described in 
Ch. 4) and potential reasons of changes in attitude and motivation towards science learning 
(see Ch. 5).    
Chapter 7 Summary is a synopsis of the impact of Science Caravan participation 
on high school students’ attitude and motivation towards science learning, based on 
learning-related engagement with interactive exhibits. The findings are integrated with 
existing theory. In addition, recommendations are made for implementing programme 
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This chapter situates the present study within the literature about the potential 
learning outcomes visitors derive from various types of informal science settings. This 
chapter also analyses the impact of participation in informal science settings on visitor 
attitudes and motivation towards learning science, which relate to the objectives of this 
study. This outlines the importance of learning from out-of-school resources to student 
performance and achievement in an attempt to improve all aspects of such a setting. There 
is then an overview of the conceptual perspectives of individual learning, including the 
taxonomies of learning, engagement, and the contextual model of learning.   
This review also focuses on theories and concepts that relate to attitudes and 
motivation towards learning in different aspects and contexts. The theories that guided this 
research include Theory of Planned Behaviour, Theory of Self-efficacy as a construct of 
Social-cognitive Theory, Person-object Theory of Interest, and Self-determination Theory. 
In addition, personal factors are considered that influence attitude and motivation towards 
learning science in- and out-of-school, such as gender, and grades or education levels. 
Moreover, the relationships among some of the psychological constructs are considered, as 
some could potentially be a predictor of one or other construct, with regard to the effect of 
participation in informal science learning settings. The chapter outlines the framework used 
to support the research design and methodology. At the end of this section, concepts and 
theories are integrated to provide a framework for this study’s aims and research questions. 
2.2 Conceptual framework 
This section investigates conceptual perspectives that have informed this study. It 
comprises four main topics associated with Science Caravan as an informal learning setting 
and the impact of a visit to such a setting. First, the section on definitions and configurations 
of informal learning settings explains why Science Caravan is considered an informal 
learning setting and how the programme is similar or different from other outreach 
programmes. Second, the section on learning describes theories of learning and the 
conceptualisation of engagement in different domains. This guides the direction of 
interpreting the results obtained from the visitor observation framework and instrument 
used in this study (see Section 3.5.1), to understand what kind of potential learning 
outcomes visitors could derive from Science Caravan participation. Third, the contexts of 
learning in informal settings are investigated. Finally, learning outcomes resulting from a 
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visit to informal learning settings are explored. Reviews presented in this section are 
relevant to the theories employed in this study which are described in the following section. 
2.2.1 Definitions and Configurations of Informal learning settings  
The professional literature uses different terms such as “free choice settings” (Falk 
& Dierking, 2000) and “out-of-school settings” (Rennie, 2014) to describe settings where 
science learning is not confined to a classroom or a formal education curriculum (Barriault, 
2014). These describe the context of learning in settings where interest, curiosity, and 
motivation play a crucial role in the desire to learn (Csikszentmihalyi & Hemanson, 1995). 
In addition, informal science settings can have a wide range of configurations which are 
commonly related to an assortment of structures, venues or locations, educational 
approaches, learning topics, and learning goals (Rennie, 2014).  
To frame the present study, concepts that relate to learning in informal settings, 
science outreach programmes, travelling science museums, and out-of-school resources are 
taken into account. In this thesis, the term ‘informal” is used to refer to a wide range of 
settings outside of school classrooms, and the term ‘free-choice’ is used to refer to the kind 
of learning that is intrinsically motivated by learners’ needs and interests as commonly 
takes place within these settings (Ballantyne & Packer, 2005; Rennie et al., 2003). The 
definition of the term ‘informal science learning setting’ used throughout this study is that 
of a designed setting where participants or visitors are able to choose what (e.g. interactive 
exhibits, science show, and hands-on activities), how (e.g. watching-listening, 
experimenting, and inventing), and with whom (e.g. peers, teachers, and interpreters) to 
engage with and learn science based on their own interests, curiosities, and motivations. 
In the context of school group visits to informal science learning settings, however, the 
level of free-choice learning that occurs is dependent on the extent to which students are 
allowed autonomy in their visit (Ballantyne & Packer, 2005). Engagement with new 
information is determined by control, support, social norms, and identity (Longnecker, 
2016).   
As a travelling science museum, the Science Caravan and other informal science 
outreach programmes have some goals and attributes in common despite the variability in 
settings and motivations. Science learning in an informal setting is more about process, 
inquiry-based learning, and the value of learning experiences than about acquisition of 
specific science content or skill (Gutwill & Allen, 2012; Packer, 2006; Rennie, 2014; 
Sample McKeeking et al., 2016). Although the configuration of Science Caravan is an 
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informal science learning environment, it is intrusive to assess the influence of the 
programme on students’ cognitive outcomes by traditional testing because such an 
assessment is inconsistent with the concept of free-choice learning in informal science 
settings (Sample McKeeking et al., 2016). Importantly, the short-term learning of science 
outside of formal school settings is more likely to be influenced by affective factors such 
as increased interest, motivations, and attitudes towards science learning, rather than 
cognitive outcomes, such as, topic-specific knowledge acquisition (DeWitt & Storksdieck, 
2008).       
Many previous studies have focused on the influence of a visit and participation in 
informal science settings on students’ interest, enjoyment, attitudes and motivations 
towards learning science (Jarvis & Pell, 2005; Rennie, 2014; Sasson, 2014). However, most 
of the informal science learning studies have taken place in science centres, science 
museums, zoos, aquariums, or other science-related learning institutions (Bamberger & 
Tal, 2007; Falk & Dierking, 2000). There are fewer reports about learning with travelling 
science museums, or science outreach programmes that were composed of specific and 
limited types of activities (Salmi et al., 2016; Sample McMeeking et al., 2016; Weinberg 
et al., 2011). This study, by contrast, was conducted in a travelling science museum called 
Science Caravan that visited regional communities in Thailand. The Science Caravan 
provides a free-choice environment for students to engage with a wide variety of activities, 
including over eighty interactive science exhibits, hands-on activities, a science show, 
science labs, Maker space, and a mobile planetarium similar to those typically afforded in 
science centres and science museums. It is able to accommodate a significant number of 
visitors (approximately 2,000 - 3,000 people at a time).   
School class visits to Science Caravan seem to share much with out-of-school visits 
to in situ science museums or science centres. Yet it is unknown whether the impact of 
participation in the mobile Science Caravan programme on school students is similar to 
engagement in a stationary informal learning institution. Prior research has demonstrated 
visits to stationary institutions can enhance learning potential and experiences (Davidson 
et al., 2010), increase positive attitudes (Nadelson & Jordan, 2012), interest, and 
motivations towards learning science (Bamberger & Tal, 2007; Knapp & Barrie, 2001). 
Previous research thus suggests that affective outcomes derived from a visit to the Science 




2.2.2 Learning – product and process  
According to Krishnamurthi & Rennie (2013, p. 1), “learning involves change in 
knowledge and understanding; capabilities and skills; ways of thinking – values, feelings, 
and attitude; and/or ways of acting – behaviours. It is a lifelong process that occurs in many 
different environments.” In other words, learning is considered to be a result of a change 
which can be cognitive, affective, or psychomotor, and which is influenced by a personal, 
physical, and sociocultural context (Falk & Dierking, 2000). In this study, an assessment 
of potential learning outcomes visitors derived from participating in Science Caravan 
activities involved the relationship between two conceptual perspectives, including the 
three domains of learning and engagement.    
It is generally recognized that the theories of learning have been developed based 
mainly on educational objectives or in the context of classroom learning (Schwan et al., 
2014). The most well-established taxonomies of learning consist of three domains: 
cognitive (knowledge/comprehension); affective (emotion/feeling), and psychomotor 
(behavioural/physical). The domains of learning have been described in the framework of 
The Taxonomy of Educational Objectives in order to classify the ways in which students 
are expected to learn or to be changed as a result of the educative process (Krathwohl, 
2002).    
 Cognitive learning involves “recall or recognition of knowledge and the 
development of intellectual abilities and skills” (Bloom, 1956). There are six categories of 
one’s competence in learning outcomes based on the level of intellectual involvement with 
a given task or activity (Anderson & Bloom, 2014): (a) Remembering or recalling 
knowledge from memory; (b) Understanding or enabling to construct a meaning by 
inferring, explaining, interpreting, etc.; (c) Applying or an ability to implement learned 
material in new situations; (d) Analyzing or breaking down materials or concepts or 
principles into its components, and determining how the parts relate to an overall structure 
or purpose; (e) Evaluating or making judgments based on explicit criteria and standards; 
and (f) Creating or reorganizing elements or knowledge into a new pattern or structure.  
 Affective learning emphasizes feelings and emotions which underpin appreciations, 
interests, attitude, and values (Krathwohl et al., 1973). The five learning outcomes 
associated with the affective domain refer to levels of one’s internalizing processes that 
influence behavioural modification: (a) Receiving, awareness of one’s own attention, or 
willingness to pay particular attention, or control attention to specifically existing stimuli; 
(b) Responding, complying or being satisfied in response to internal stimuli; (c) Valuing,  
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accepting or preferring or believing in the value of particular ideas or objects or activities 
or phenomenon; (d) Organising, finding the differences of values in relation to ideas and 
principles to priorities, finding solutions, and then organising a personal value system; and 
(e) Internalising values (characterisation), readiness to control one’s own behaviour and to 
perform practice on a daily basis.    
It is important to note that feelings and emotion constructs are relevant for this 
research. According to Maria et al. (2003, p. 1197), “the word feeling is used to characterize 
the mental experience of an emotion, and the word emotion is used to describe the organic 
reaction to external stimuli”. Based on these definitions, in this thesis, the term ‘feelings’ 
refers to unobservable mental construct, and the term ‘emotions’ refers to immediate 
reactions which are visually observable in gestures, and facial expressions (Koballa & 
Glynn, 2007).    
 Psychomotor learning includes physical abilities underlying movements, which 
involve skill development in relation to manual tasks, use of instruments, and use of a 
manipulative or muscular-skeletal area. There are five categories of one’s competence in 
learning outcomes associated with the psychomotor domain (Dave, 1975 cited in Rovai et 
al., 2009): (a) Imitation, observing and patterning behaviour after someone else; (b) 
Manipulation or being able to perform specific actions on one’s own by memory or 
following instructions; (c) Precision or performing a skill becoming more exact without 
assistance; (d) Coordinating and adapting a series of actions to respond and achieve a novel 
situation; and (e) Naturalisation or mastering a high-level performance without 
necessitating much thinking about it.  
 In informal settings, visitors learn while engaged with exhibits and activities (Falk, 
2005). With respect to the perspective of active learning stated in Mattar’s (2018) study, 
active engagement in a particular activity has been widely considered a critical component 
of the learning process which has been linked to positive learning outcomes in different 
contexts from both in- and out-of-school setting (Boisvert & Slez, 1994; Csikszentmihalyi 
& Hermanson,1995; Falk et al., 2004; Gutwill, 2008, Sinatra et al., 2015). In this study, 
engagement is defined in terms of visitors’ active involvement or participation in free-
choice settings with observable behaviours, which in turn can be related to potential 
learning. 
 In sum, learning is both outcomes and process which are complex and difficult to 
measure and visually observe. Therefore, a concept of engagement as a link between 
precursors (i.e. expectations, interest, attitudes and motivation) and consequences of 
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learning-related behaviour (Payne, 2019) is required and reviewed here in order to 
understand visitors’ behaviours while manifesting active engagement. 
With regard to the conceptualisation of engagement, several studies have described 
and used it in various models to understand student engagement and its influences. For 
example, the force-field model proposed by Cummings and Worley (2008) presents the 
main factors for encouraging engagement (self-efficacy and confidence), and resisting 
engagement. The model could help in understanding the factors that assist and hinder 
students’ learning. However, all factors are not observable via students’ active engagement 
so that the factors need a measure to examine influences separately. Even though the factors 
for encouraging engagement are related to the constructs that are of interest in this study, 
factors for resisting engagement are out of the scope of this study. 
Another two models of engagement proposed by Lawson and Lawson (2013) and 
Fredricks (2011) are similar and consider engagement to comprise three dimensions: 
emotional, behavioural and cognitive. The Lawson and Lawson model focuses on social-
ecological and psychological constructs which does not incorporate students’ motivation. 
Therefore, the Lawson and Lawson model was not used for this study. Of these models, the 
Fredricks’ model of engagement aligns with the objective of this study best. The Fredricks’ 
model describes particular factors that influence student engagement outside of schools and 
includes some aspects of active engagement in free-choice learning settings. It is described 
below. 
Since this study focuses especially on learning in a free-choice environment. Thus, 
the definitions of engagement need to be clarified in order to align with a free-choice 
learning context. As a result, this study uses combined amended frameworks of the concept 
of School Engagement (Fredricks et al., 2004) and the Conceptual Model of Engaging 
School and Out-of-School Contexts (Fredricks, 2011) to describe the link between the 
results of learning-related behaviour of Science Caravan visitors while they are interacting 
with exhibits and the possible outcomes of the engagements.   
By adopting and combining those two frameworks of engagement, and slightly 
modifying the definitions and characterization from the context of school setting to the 
context of free-choice learning, three dimensions of engagement can be defined as follows: 
Behavioural engagement points to a visitor’s involvement in learning through 
interaction with activities/exhibits in a manner of positive acts, for instance, behavioral 
aspects of physical participation, displaying an effort to master the knowledge, persistence 
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on task, and purposefully seeking out information, which can be implied as on-task 
behaviour (Fredricks, 2011).  
Emotional engagement represents a visitors’ emotional responses in reaction to 
interacting with activities or exhibits; these can include enjoyment, interest, curiosity, and 
enthusiasm. Engagement can be motivated by both negative and positive emotions. 
However positive emotions have been shown to result in higher levels of learning and 
conceptual change (Packer, 2006; Sinatra et al, 2015). According to a review by Fredricks 
et al. (2004), emotional engagement is associated with interest, attitude and values.   
An accurate definition of Cognitive engagement is problematic as it includes both 
motivational and self-regulatory constructs and sometimes overlaps with behavioural 
engagement. However, the definition of cognitive engagement that has been widely used 
is psychological investment (Fredricks et al., 2004); a visitor is willing to exert an effort 
(both behavioural and intellectual) directly towards learning, understanding, and for 
acquisition of the knowledge (Fredricks, 2011) while interacting with activities/exhibits.  
Regardless of the problem of overlapping definitions of engagement with other 
constructs; motivation, self-regulation, attitude, interest, and value (Reschly & Christenson, 
2012), the combination of behaviour, emotion, and cognition under the umbrella of the 
engagement as a multidimensional construct is meant to provide an overarching measure 
of a visitor’s interaction rather than focus only on a single dimension. In other words, 
although each of the dimensions of engagement theoretically identifies visitors’ behaviour, 
emotion, and cognition, researchers need to be aware that in practical reality, each 
dimension can concurrently occur with others during visitor learning (Fredricks et al., 2004; 
Sinatra et al., 2015). 
To approach a complete understanding of learning, a constructivist perspective is 
adopted to describe the term of learning as meaning making of individual constructs 
through interaction with their environments (Bailey et al., 1998). A constructivist approach 
is based on the assumption that learning is a process of how individuals construct meaning 
from their experiences (Jonassen, 1991). In other words, each individual interprets the 
environment they engage with differently based on personal experiences and interactions. 
In this sense, therefore, learning is unable to be observed by the types of learning identified 
for an individual because learning is considered as a mental activity (Hilgard & Bower, 
1966). However, learning can be examined through the actual experiences exhibited in 
realistic settings (Bailey et al., 1998).  
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This study adopts a constructivist perspective to draw a connection between the 
concept of learning and the concept of engagement in order to investigate young people’s 
learning-related behaviours, observed while they are actively engaging with interactive 
exhibits in the exhibition space of Science Caravan. The Visitor Engagement Framework 
(Barriault & Pearson, 2010) used in this study (see section 3.5.1) was developed based on 
observations of informal learning visitor engagement with exhibits such as looking at the 
exhibit, reading complementary labels/instructions, touching/manipulating the exhibit, 
discussing with others about the exhibit, in order to attain desired conceptual, social, and 
emotional learning outcomes. This framework and discussion of results of its use occur 
through the lens of the constructivist perspective. Thus, the observation results of this study 
are intended to link to the possible learning-related outcomes that visitors derive from 
participation in Science Caravan.  
2.2.3 Learning in informal settings  
In the context of learning in informal learning settings, ‘meaning-making’ takes into 
account the learning outcomes visitors derive from such settings, which focus on the 
process of visitor interpretation and comprehension of the exhibits or activities in relation 
to: objective and goal - designs and artifacts; subjective - personal beliefs, feelings, and 
prior experiences; and combination of both objective and personal agenda (Silverman, 
1999). Therefore, the research related to learning in free-choice environments involves 
multiple approaches to understanding how visitors construct their own knowledge from the 
information they engage with (Anderson et al., 2003), which learning processes or 
experiences and what benefits visitors derive from such a setting (De Witt & Hohenstein, 
2010; Packer, 2006), rather than whether visitors gain knowledge or key messages that the 
practitioners intended to convey through the activities (Ballantyne & Packer, 2005; 
Bamberger & Tal, 2007). In addition to this, the underlying characteristics of learning in 
free-choice environments have also been taken into consideration in this study.  
  In a review conducted by Rennie and Johnston (2004), learning in informal settings 
has been characterized by three modes: learning is personal, which refers to an individual’s 
learning which is constructed and contributed by one’s prior experience; learning takes 
time, which refers to learning as a cumulative process that is likely to happen in stages; and 
learning is contextual, which refers to learning produced by the interaction between 
personal, social and physical contexts. It can be seen that each of the learning modes has 
different relevance to visitors’ learning that occurs in informal environments. The view that 
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learning is contextual seems to be best suited for explaining an individual’s learning 
processes and outcomes from engagement with the activity as a foundation for this study 
because the attribution describes factors that affect learning and its outcomes via the 
experience of a visit to free-choice settings (Falk & Dierking, 2000). In this study, 
therefore, the contextual model of learning (Falk & Dierking, 2000) was used to understand 
and describe visitors’ learning since the model was created in the context of museums and 
other similar informal learning institutions.     
The contextual model of learning developed by Falk & Dierking (2000) defined 
free-choice settings as multidimensional learning environments. The model draws from 
constructivist, cognitive, and sociocultural learning theories, which view learning as 
meaning-making driven by personal effort over time (Falk & Storksdieck, 2005). This 
model as a framework, therefore, conceptualizes learning as the process and product of the 
interactions between three interrelated contexts: personal, sociocultural, and physical.  
The personal context considers visitors’ learning that is influenced by (a) an 
individual’s previous knowledge, interests, and beliefs; (b) motivation and expectations; 
and (c) freedom of choice and control. In contrast to Falk & Dierking, Schwan et al. (2014) 
argue that visitors’ personal context is not necessarily related to learning outcomes with 
respect to knowledge acquisition or intellectual improvement, but is more likely to relate 
to enjoyment, and entertainment.  
In addition to learning outcomes, learning processes and experiences derived from 
free-choice environmental settings might be more important for visitors who did not 
originally plan to learn or seek something specific. They may aim for a particular learning 
experience, which is called “learning for fun” for themselves or for those whom they bring 
(Packer, 2006; Falk, 2009). In the same vein, Rounds (2004) described a particular type of 
visitor called “curiosity-driven visitor”, or called “hobbyist” in the Falk and Dierking 
(2013) taxonomy of visitors. Their goal is to satisfy their curiosity intentionally. They 
explore exhibits that they deem to be worthwhile with respect to existing personal interest 
(Rounds, 2004). In sum, visitors can be potentially engaged for both enjoyment and 
knowledge acquisition (Packer, 2006). 
The sociocultural context considers learning influenced by the (d) social interaction 
within the setting, and (e) the facilitated intervention by others. In this sense, visitors’ 
learning experiences can be driven through interactions with peers, staff, and other visitors 
(Barriault, 2014). Furthermore, having conversations with trained explainers or interpreters 
can help visitors make connections between the exhibits and their prior experiences which 
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in turn influences cognitive, affective, and social aspects of the learning experience 
(Schwan et al., 2014).  
The physical context assumes that learning is influenced by environmental 
components: (f) novel organisers and orientation, (g) design, and (h) supporting actions and 
experiences outside of the museum (Falk & Dierking, 2000). For example, a variety of 
activities and novelty of settings can stimulate visitors’ interest (Dohn, 2011; Bitgood, 
2010), curiosity and exploratory behaviour (Chen et al., 2001; Csikszentmihalyi & 
Hermanson, 1995; Rounds, 2004). 
In the context of the Science Caravan setting, visitors have the freedom to choose 
the activities that are of interest to them. They are informed about the activities available at 
the venue on-site before entering. However, seating of some activities (e.g. science shows 
and labs) is limited in each period of time, except for the exhibition space. In this sense, 
visitors can choose and control their engagement with either the activities that need to be 
reserved beforehand or exhibits and hands-on activities in the exhibition space where no 
booking is necessary. Considering the interrelation among the contexts, thus, I decided to 
investigate visitors ‘learning behaviours in the exhibition space that is free-choice learning 
provided. Visitors are allowed to engage with any exhibit they like, or walk away from the 
area whenever they want. They are free from any instructions or pressure and are free to 
socialise with their peers and others.  
In an exhibition space, physical factors that influence visitors’ learning behaviour 
are of interest to better understand visitors’ learning in free-choice settings. (e.g. Bamberger 
& Tal, 2007; Falk et al., 2004). One of those factors is exhibit characteristics. For example, 
exhibits which present scientific phenomenon that contradict intuitive perceptions of 
visitors can attract visitors’ attention, trigger curiosity and encourage them to seek an 
explanation on the label of an exhibit (Gutwill, 2008). However, although an exhibit with 
a complementary label that contains challenging questions, instruction to interact and an 
explanation result in more visitors paying attention to the correct and relevant scientific 
principle, visitors tend to less profoundly engage with such an exhibit (Allen & Gutwill, 
2004). Visitors are not engaged in a constructivist learning process through engagement 
with this type of an exhibit, since visitors simply satisfy their curiosity by reading a 
complementary information rather than spending more effort experimenting and seeking 
the answer themselves (Gutwill, 2008). 
In accordance with student learning behaviour in a science museum, Shaby et al. 
(2016) found that visitors were engaged with exhibits differently, depending on several 
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attributes of design. For example, exhibits that support multiple users and enhance social 
interaction were more likely to encourage more intensive cognitive engagement with 
scientific content (Shaby et al., 2019), and exhibits that support multiple users and enhance 
social interaction were more likely to encourage more intensive engagement (Gutwill & 
Allen, 2010) and increase positive attitude towards social aspects in visitors (Shaby et al., 
2017). Similarly, Bamberger and Tal (2007) found that an interpersonal interaction among 
peers occurred when they were engaging with exhibits together, which in turn encouraged 
higher levels of engagement as students discussed scientific phenomena and principles with 
their peers, and expressed positive emotional response (Shaby et al, 2016). 
In sum, the evidence presented above suggests that visitor learning-related 
behaviours in free-choice settings can be influenced by several different contexts (personal, 
physical and sociocultural) which encourage different levels of engagement and learning 
outcomes attained.  
Apart from the contextual factors described above, gender is a significant variable 
that influences individual learning and engagement. It has been historically acknowledged 
in the school systems of Western societies that males outperform females in science 
learning (Gardner & Yager, 1983). On the contrary, the findings of Klainin and Fensham’s 
(1987) study showed that Thai female senior high school students outperformed male 
students in practical skills, theoretical knowledge, and attitudes to science. Almost 30 years 
later, the assessment results of the Programme for International Student Assessment (PISA) 
in 2015 confirmed the previous findings that Thai female students outscored male students 
particularly in science, including self-efficacy and attitude towards subjects (see Buckley, 
2016). This is true in formal learning settings since all the assessments and evaluations 
were conducted in the context of school settings. However, it was unclear specially in 
Thailand whether gender differences in science learning, learning behaviours, or outcome 
experiences derived from informal learning settings could be detected. 
2.2.4 Learning outcomes resulting from a visit to informal settings  
It has been generally accepted that the experience derived from participating in 
informal science learning settings can enhance visitors’ learning (Goto et al., 2018). This 
is because science museums or other informal science learning institutions provide a rich 
learning environment for visitors who have a variety of learning preferences. The settings 
are designed to arouse curiosity, stimulate intrinsically motivated learning, support 
different modes of learning, and encourage play and an inquiry-based learning process 
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(Ramey-Gassert, 1997). Therefore, learning that takes place in informal learning settings is 
complex, multidimensional (Barriault & Pearson, 2010; Falk & Dierking, 2000, 2012), and 
different from learning in a school classroom (Bamberger & Tal, 2007). The term ‘learning 
experience’ has been used instead of ‘learning’ in the area of studies in informal learning 
settings, which gives an importance to ‘how the learning is experienced’ rather than ‘what 
is being learned’ (Shaby et al., 2016) 
The nature of informal science learning experiences has been reported by the United 
States National Research Council (NRC) entitled Learning Science in Informal 
Environments: People, Places, and Pursuits (Bell et al., 2009) to define appropriate 
learning outcomes which provide distinct characterisations of learning “strand”: 
Strand 1: Experience excitement, interest, and motivation to learn about 
phenomena in the natural and physical world.  
Strand 2: Come to generate, understand, remember, and use concepts, 
explanations, arguments, models, and facts related to science.  
Strand 3: Manipulate, test, explore, predict, question, observe, and make sense of 
the natural and physical world.  
Strand 4: Reflect on science as a way of knowing; on processes, concepts, and 
institutions of science; and on their own process of learning about phenomena. 
Strand 5: Participate in scientific activities and learning practices with others, 
using scientific language and tools.  
Strand 6: Think about themselves as science learners and develop an identity as 
someone who knows about, uses, and sometimes contributes to science. 
Individuals can experience one or all the strands of informal science learning from 
a wide variety of informal science settings. For example, doing science activities at home, 
playing in nature and participating in other out-of-school activities as well as experiences 
of visiting science museums, science centres, aquariums, zoos can affect positive attitudes 
towards science (Behrendt & Franklin, 2014; Henriksen et  al., 2015; Salmi & Thuneberg, 
2019; Suter, 2014) and increase interest (Dohn, 2011; Rounds, 2004) and enhance 
motivation to learn about science in the real world (Csikszentmihalyi & Hermanson, 1995; 
Lin & Schuun, 2016), all of which are conducive to science learning and understanding 
(Braund, 2012; Griffin, 2004; Rennie & McClafferty, 1995; Stocklmayer & Gilbert, 2002). 
Indeed, one of the aims of interactive exhibits and other activities in the NSM Science 
Caravan programme is to promote science learning and connect scientific content 
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knowledge with natural world phenomena which can be seen in everyday lives in order to 
enhance understanding and interest in science, and to increase its perceived value.   
While learning objectives described in the framework of The Taxonomy of 
Educational Objectives (Krathwohl, 2002) were traditionally divided into cognitive, 
affective, and psychomotor domains, many studies emphasize cognitive or conceptual 
learning from the free-choice settings as important learning outcomes (Anderson & Lucas, 
1997; Meissner & Bogner, 2011; Oost et al., 2011; Sattler & Bogner, 2017; Stolpe & 
Björklund, 2013). This is because museum practitioners and school teachers often justify 
the opportunity of visiting free-choice environments in terms of educational supplements, 
resources and knowledge acquisition (Bamberger & Tal, 2007; DeWitt & Storksdieck, 
2008; Falk et al., 2004; Griffin, 2004; Packer, 2006). However, positive feeling or affective 
outcomes, for instance, increased motivation to learn, developed interest, aroused curiosity, 
or enhanced attitude towards the subject, including social experiences, are reasonable and 
valuable outcomes of visits to such settings (Csikszentmihalyi & Hermanson, 1995; DeWitt 
& Storksdieck, 2008; Schwan et al., 2014).  
Although it has been acknowledged that visits to informal settings contribute to 
learning that involves acquiring and changing in knowledge and understanding; strategies 
and skills; direction of thought - belief, value, feeling, and attitude; and orientation of 
behaviours (Barriualt, 2014; Schunk, 2014), cognitive learning outcomes, in particular, are 
less likely to happen in short, time-constrained visits to informal educational settings 
(DeWitt & Storksdieck, 2008; Jensen & Buckley, 2014), and school children are less likely 
to connect this learning to their classroom lessons (Shaby et al., 2016). Since learning is 
multidimensional and the many variables contributing to learning are interconnected, 
affective learning outcomes such as changes in attitudes and motivations are assessed in 
this study.   
Furthermore, affective outcomes may be more reasonable for school field trips than 
specific conceptual learning outcomes (Dohn, 2011; Stavrova & Urhahne, 2010), due to 
the fact that the short-term nature of most field trip experiences may not be best suited to 
delivering cognitive outcomes even if research reveals that both cognitive and affective 
learning can occur as a result of a school visit to free-choice settings (Bamberger & Tal, 
2007; DeWitt & Storksdieck, 2008). Psychomotor learning such as manipulating and 
interacting with exhibits cannot be ignored (Hong & Song, 2013) since affective and 
psychomotor learning outcomes can be incorporated and enhanced through experiential 
learning in out-of-school learning environments (Dabamona & Cater, 2019).  
29 
 
According to Falk’s (2005) conceptualisation of free-choice learning, affective and 
psychomotor learning is central to learners’ choice and control that generally takes place 
outside of the formal education system and is mainly motivated by learners’ intrinsic 
interests and emotional needs. Besides, visitors may make a museum visit with several 
agendas which influence their learning process and, in turn, their learning outcomes. 
Therefore, it is important to provide a variety of learning options and challenges when 
designing learning experiences in informal settings; this encourages active visitor 
engagement that directly influences effective learning processes and outcomes (Bamberger 
& Tal, 2007; Schwan et al., 2014). This expands the outcomes derived from visits to science 
museums or informal learning settings beyond visitor perception of satisfaction or 
dissatisfaction. Hence, we should think about a psychological construct, such as attitude, 
interest, motivation, self-efficacy, as well as important factors that might influence visitors 
to fully engage with exhibits and activities and thus learn from the experience (Falk & 
Dierking, 2018). In a review of attitude, identity, and aspirations towards science, Tytler 
(2014) described that informal science learning experiences influence these affective 
learning outcomes: (1) a more positive attitude towards science, which might comprise 
interest, perceptions and valuing of science; (2) the responses of a positive attitude towards 
behaviours that involve learning science; (3) the feelings of enjoyment in the experience of 
science learning; (4) the development of interest in science either related to specific subjects 
or activities; (5) motivation to learn and do science; and (6) the improvement of science 
self-efficacy.  
 Hence, this study paid close attention to visitors’ learning-related behaviours and 
psychological constructs that are related to affective learning outcomes and experiences 
visitors potentially derive from Science Caravan participation. To better understand the 
impact of a visit to informal science learning settings on visitors’ experiences through an 
affective domain of learning outcomes, traits and interrelationship among psychological 
constructs underlying the precursors and consequences of learning behaviours are reviewed 
in the following sections.   
2.2.5 Psychological constructs related to affective learning outcomes 
In the context of science learning, Koballa & Glynn (2007) asserted that attitude 
affects motivation, which in turn affects learning behaviours. They elaborate that the 
interactions of these variables are more complex than the sequence mentioned above since 
attitude influences behaviour via behavioural intention. Changes in students’ motivation to 
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learn science lead to changes in their goals and ways of learning science (Goto et al., 2018). 
In a review of the value of school field trips, Behrendt & Franklin (2014) concluded that 
once students have developed a positive attitude to science learning, they become self-
motivated learners who can develop connections between their experiences and science 
concepts learnt from school classes. Hence, the impact of participation in NSM Science 
Caravan on students’ attitude and motivation towards science learning in the context of an 
informal science learning setting was of interest in this study. 
2.2.5.1 Attitudes towards science learning  
The term 'attitude' is a construct with a broad meaning. A definition of attitude given 
by Eagly and Chaiken (1993, p. 1) is “a psychological tendency that is expressed by 
evaluating a particular entity with some degree of favor and disfavor”. Previous research 
has demonstrated that the structure of attitude constructs can be empirically distinguished 
into three elements that have been identified as cognition, affect, and behaviour, in parallel 
with the elements of learning. The cognitive element of the attitude construct is formed 
when one knows, comes to believe, and values the attitude object (Eagly & Chaiken, 1998; 
Fazio & Olson, 2007). The affective element is formed from emotional responses towards 
attitude objects, which is related to both positive and negative feelings such as enjoyment 
or displeasure. The behavioural element of attitude refers to one’s tendencies to act in 
relation to objects of attitude, which could be driven by either the cognitive or affective 
attitude element, or both (high cognitive-affective consistency) (Millar & Tesser, 1989), or 
without both of these elements (Fazio & Olson, 2007). And so an individual’s attitude can 
be formed on the basis of evaluation on a cognitive, affective, or behavioural basis, which 
can produce a psychological tendency to respond to the attitudinal object (e.g. learning 
science or participating in school activities) (Eagly & Chaiken, 1993).  
The interrelationship between cognitive and affective elements has also been 
conceptualised as central to attitude formation. Based on Millar & Tesser’s (1986, 1989) 
studies, the concept of attitude consisted of an affective and a cognitive component, with 
consequent behaviours driven primarily by one of the two components. In this description, 
resulting behaviour depends on an individual’s overall evaluation based on affective or 
cognitive information in each particular circumstance (Crites et al., 1994). Jackson and 
colleagues (1996) argued that the affective-based component of attitude made a major 
contribution of individual’s behaviour. The empirical study of Zhou et al. (2013), however, 
showed that attitude-behaviour consistency is influenced by affective-cognitive 
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consistency. In other words, the impact of attitude on behaviour depends on the strength of 
the relationship between the cognitive and affective component of attitude towards the 
behaviour. 
 In this sense, an individual’s behaviour can be predicted by affective-cognitive 
based attitudes. Ajzen (1991) articulated an extended theory that describes one of the 
pathways of the interrelationship between attitude, behavioural intention, and behaviour - 
the Theory of Planned Behaviour, which involve predicting an individual’s behaviour. A 
given behaviour is more accurately predicted by the measurement of attitude if the attitude 
relates to a specific action to be performed (e.g. attitude towards learning science) rather 
than a more general attitude towards the related attitude object (e.g. attitude towards 
science) (Butler, 1999; Eagly & Chaiken, 1993). 
With regards to learning, attitude might be produced and changed by different 
stimuli which influence the three aspects of learning: cognitive, which is related to the 
rational, knowledge, and information; affective, which is relevant to emotional reaction; 
and behavioural, which is connected to experience (Fishbein & Ajzen, 1975). Therefore, 
an individual’s attitude is one of the most significant factors which influences one’s 
evaluative responses (positive or negative) and orientation towards a particular subject 
(Brown, 2006; Longnecker, 2016). In this sense, a positive change in attitude towards 
science learning is likely to influence behavioural change in learning science, and is 
acknowledged as a significant outcome of a free-choice learning experience (Ballantyne & 
Packer, 2005).  
Attitude towards science has been of interest and gained substantial attention from 
science educators for the past 30-40 years (Osborne et al., 2003; Potvin & Hasni, 2014). 
Studies have identified significant factors that influence students’ attitude towards science, 
including gender, curriculum, environment, and teacher (Raved & Assaraf, 2011, Osborne 
et al., 2003). For example, Gardner (1975) commented that gender is perhaps the most 
significant factor influencing adolescences’ attitude towards science. This notion is 
supported by a study in the United States by Jones et al. (2000) which showed that male 
high school students reported more positive attitude towards science than females. 
However, it was argued that lack of experiences in science-related activities might be an 
actual factor that causes female students to have negative attitudes towards science (Kahle 
& Lakes, 1983). Therefore, increasing the equality of the accessibility to science-related 
learning experience for both males and females can contribute to reducing the gender gap 
in attitudes towards science.          
32 
 
2.2.5.2 Motivation towards science learning  
The constructs of attitudes and motivation have been employed to account for 
changes in the cognitive, affective, and behavioural domains of science-related learning. 
These two constructs are considered as precursors, moderators, and predictors of science 
learning and achievement, which influence both short-term and long-term impact (Koballa 
& Glynn, 2007).     
Motivation is a psychological construct with multiple dimensions. This is because 
motivation is defined as an influence of one’s behaviour (Ryan & Deci, 2017). In other 
words, motivation describes the rationale behind the initiation, direction, and persistence 
of goal-oriented behaviour (Brophy, 2010; Cook & Artino, 2016) to react and fulfil one’s 
needs or expectations (Gopalan et al., 2017).  
The interconnection between motivation and learning is robust (McCombs, 1991), 
so that the degree of motivation impacts on individual’s engagement in a learning 
environment (Gopalan et al., 2017) which then influences the success of learning (Guido, 
2013). In the context of a free-choice setting, motivation is a crucial component of learning. 
When the students’ motivation is self-determined, they attend an activity because it serves 
their purpose, consistent with their interest (Vennix et al., 2018). In other words, the more 
self-determination students perceive they have, the more intrinsically motivated they are in 
pursuing a learning behaviour (Salmi & Thuneberg, 2019). Consequently, learning 
outcomes influenced by visiting informal learning settings are related to improved 
motivation in the subject area (Weinberg et al., 2011). For example, attending informal 
science learning, including scientific events and festivals can increase students’ interest in 
particular areas of scientific knowledge (Jensen & Buckley, 2014) and enhance students’ 
motivation to learn science (Dabney et al., 2012; Goto et al., 2018; Holmes, 2011; Simpkins 
et al., 2006).  
Since motivation is a multidimensional construct, many theories have been 
postulated to elucidate human motivation in specific aspects. This study focuses on theories 
of motivation to learn which involve the interrelationship among attitudes, self-efficacy, 
interest, and autonomy towards action. These include Theory of Planned behavior, Social-
cognitive Theory, Theories of Interest and Self-Determination Theory.  
(1) Theory of Planned Behavior  
The Theory of Planned Behaviour (Ajzen, 1991) is an extension of the Theory of 
Reasoned Action (Ajzen & Fishbein, 1980) which assumes that humans are rational and 
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their attitudes naturally arise from a rational process through systematic analysis of beliefs, 
salient information and intention, and volitional control to perform a behaviour. Attitudes 
influence behaviour through intention. In other words, behavioural intention is “assumed 
to capture the motivational factors that influence a behaviour and to indicate how hard 
people are willing to try or how much effort they would exert to perform the behaviour” 
(Ajzen, 1991, p. 181). Behavioural intention is changed by attitude towards the behaviour, 
subjective norm, and perceived behavioural control (Ajzen & Madden, 1986; Eagly, & 
Chaiken, 1993). Therefore, behavioural intention is a central factor in the Theory of 
Planned Behaviour (Figure 2.1).   
  
Figure 2.1 A structural model of the Theory of Planned Behaviour (Ajzen, 1991). 
The intention to perform a behaviour is thought to be influenced by three significant 
determinants: (1) attitude towards the behaviour, that is, in general, the more positive 
attitude an individual has towards the behaviour, the greater their intention to perform it 
(Armitage & Conner, 2001); (2) subjective norm, that is, the perception of behavioural 
expectations of an individual’s significant influencers, like parents, teachers, and peers; and 
(3) perceived behavioural control, that is, one’ self-efficacy beliefs, perceived control and 
availability of resources to perform the behaviour.      
According to Yamada & Fu’s (2012) review, the three determinants do not 
necessarily make an equal contribution to the behavioural intention which depends on types 
of activity. In terms of the subjective norms component, some studies applying the Theory 
of Planned Behaviour have reported that a subjective norm was the weakest determinant or 
even not a significant predictor of behavioural intentions (e.g. Brickell et al., 2006; Knauder 
& Koschmieder, 2019), particularly in leisure activities (Godin & Kok, 1996) such as visits 
to museums (Yamada & Fu, 2012). Armitage & Conner’s (2001) study suggested that 
perhaps the subjective norm component should be removed from an analytical model. For 











framework in this study, significant attention was paid to changes in attitude and 
motivation-related constructs, but not to subjective norm. 
In the Theory of Planned Behaviour, Ajzen (1991) states that the concept of 
perceived behavioural control is influenced by control beliefs. This refers to one’s 
perception of possible constraints - easy/hard, facilitated/impeded - on performing the 
behaviours; it is most similar to the concept of self-efficacy, which refers to one’s belief in 
and judgement of one’s own capability to perform the behaviour in specific situations 
(Bandura, 1997; Eagly, & Chaiken, 1993). With regard to this perspective of a control 
beliefs-intention relationship, individuals’ behaviours are firmly influenced by their 
perceived efficacy to perform, and thus self-efficacy beliefs can influence the choices 
individuals make which in sequence affect their actions (Ajzen, 1991; Schunk & Pajares, 
2009). Since an individual is more likely to choose activities that one feels competent and 
confident about, one’s self-efficacy is a significant determinant of intention to one’s choice 
of activity and one’s motivation to expend an effort (Bandura, 1997; Schunk & Pajares, 
2009; Tyler, 2014).     
In terms of the perceived behavioural control (self-efficacy), Ajzen & Madden 
(1986, p. 457) asserted that “the more resources and opportunities individuals think they 
possess, the greater should be their perceived control over the behaviour”. The notion is 
similar to self-determination (autonomy) that refers to an individual’s sense of choice and 
ability to control to a certain extent what one wants to do (Deci et al., 1991). In the context 
of learning in informal learning settings, the self-determined intention should be measured 
through reasons visitors gave for their intention to engage in the behaviour which is 
relatively motivated by intrinsic motivation (Brickell et al., 2006). Since an optimal sense 
of self-determination is crucial to enhance feelings of self-efficacy, it also related to 
intrinsic motivation (Ryan & Deci, 2000a). Additionally, if one reports a positive intrinsic 
motivation to perform the behaviour, it is likely that the behaviour is performed after a self-
determined intention (Brickell et al., 2006).         
(2) The Social-cognitive theory: self-efficacy construct 
Perceived self-efficacy is conceptualized as “belief in one’s capabilities to organize 
and execute the courses of action required to produce given attainment” (Bandura, 1997, 
p.3). In accordance with the social-cognitive theory (Bandura, 1997) based on the context 
of learning, a student’s self-efficacy is derived from four sources of information: 
performance accomplishments; vicarious experiences; social persuasions; and emotional 
35 
 
states. Performance accomplishments are based on authentic mastery experiences, which 
are an influential source of self-efficacy beliefs derived from the interpretation of previous 
personal experiences (Bandura, 1977). Students interpret the results of engagement in tasks 
and activities to establish beliefs in their capabilities to succeed in later tasks and activities 
(Britner & Pajares, 2006). With vicarious experiences, students evaluate their capabilities 
by observing others similar to them perform tasks because, for instance, they are more 
likely to believe that if their peers can do it, they can do it as well, increasing one’s self-
efficacy (Schunk & Pajares, 2009). With regard to social persuasions, an effective source 
of self-efficacy is more likely to be a persuader whom students respect; for instance, 
teachers are able to influence students to make more effort to learn science (Koballa & 
Glynn, 2007). In relation to emotional states, students evaluate their capabilities and 
confidence via sensing visceral arousal as emotional states - anxiety, stress, and arousal 
which they are encountering during dealing with a given task (Bandura, 1982; Britner & 
Pajares, 2006).       
In an analysis of the four sources of self-efficacy information, Britner and Pajares 
(2006) conducted a study to investigate which source was the most influential predictor in 
science self-efficacy of junior high school students learning in a science interactive 
programme which in turn affirm that science self-efficacy is capable of predicting science 
achievement. The results revealed that each of the sources significantly correlated with 
science self-efficacy and science achievement. However, the result of regression analyses 
showed that the source of performance accomplishment or mastery experiences was the 
only significant predictor of science self-efficacy (Britner & Pajares, 2006), which is 
consistent with Bandura’s (1986) hypothesis that mastery experience seems to be the 
strongest predictor of academic self-efficacy. This result suggests that providing and 
engaging students in science inquiry-based learning opportunities with interactive tasks or 
activities can facilitate authentic mastery experiences, which enhance students’ science 
self-efficacy (Hmelo-Silver et al., 2007; Gormally et al., 2009; Jansen et al., 2015). 
(3) Theories of Interest  
Previous studies show that learning is mainly motivated by learner’s needs and 
interest, which more or less depend on a sense of self-determination learners perceive, 
particularly in the context of school group visits to informal learning environments 
(Behrendt & Franklin, 2014; Rennie, 2014; Salmi & Thuneberg, 2019). From this 
perspective, it can be seen that there are three main factors involved in such learning: 
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interest, needs, and self-determination. The term ‘interest’ or the concept of interest is 
interpreted and used in many different ways in educational research, which is partly 
because the authors chose to employ the different theoretical models of the interest 
construct (Krapp & Prenzel, 2011).  
Accordingly, the interest construct has been partially described and used as a 
motivational variable by various approaches (Schiefele, 2009). Based on theoretical models 
(Hidi & Renninger, 2006; Krapp, 2002), researchers now generally agree that there are at 
least three decisive characteristics which allow the interest construct to be distinguished 
from other motivational constructs. First, interest is an object-specific construct 
characterized by focused attention and engagement with particular objects (e.g. concrete 
things or subject content). In other words, an individual cannot have an interest without 
focus on a specific object or subject. Second, interest emerges from a particular interaction 
between a person and the environment. Third, interest requires the cognitive and affective 
element to guide attention and facilitate learning in different content specifically (see Hidi 
& Renninger, 2006; Renninger & Hidi, 2011, for a review).   
The interest construct is commonly characterized by situational and individual 
interest. Situational interest is a short-term condition stimulated at the moment by particular 
situations and/or specific features of an event, which activates an immediate affective 
reaction (Hidi & Renniger, 2006; Krapp, 2002) and may enable specific motivations to 
engage with an object (Schiefele, 2009). Individual interest, on the other hand, is 
conceptualized as a stable affective - evaluative orientation toward particular content 
(Schiefele, 2009) which represents a relatively persistent disposition to engage with that 
object, which involves relations between subject content and positive feeling- and value- 
related characteristics of cognitions (Krapp, 2002). From this perspective, student’s 
individual interest is less likely to be stimulated than situational interest, since individual 
interest involves more or less with the knowledge- and value-related component of subject 
content (Hidi & Renniger, 2006), whereas situational interest can be triggered by extrinsic 
factors which involve the role of enjoyment (Hidi, 2000 cited in Schiefele, 2009). One 
study by Dohn (2011) examined students’ situational interest toward an aquarium visit, and 
I found that the variables of hands-on activities, presenting surprise or unexpected 
information, novelty and a variety of activities were stimuli that generated situational 
interest.   
General agreement about classification of the interest construct into two main types 
- situational and individual interest - can be found in different theoretical models.  As 
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Renniger & Hidi (2011) reviewed, the different directions of interest development in each 
of the theoretical models are determined by the different factors/variables influencing 
where the individual directs attention and engages with a particular event. In the context of 
learning, the ‘Person-object Theory of Interest’ (Krapp, 2002) proposed three phases of 
interest development: (1) a situation interest - triggered by external stimuli; (2) a stabilized 
situational interest; and (3) an individual interest. The shift from phase 1 to phase 2 requires 
perceived personal goals and values of the object. The transition from phase 2 to phase 3 
additionally requires positive emotional-related experience whilst an active engagement 
with the object reaches a certain level of positive feedback. Considering this 
conceptualization of interest development, it seems that the Person-object Theory of 
Interest involves mainly the emotional- (affective-experiential) and value-related 
components (cognitive-rational) of interest (Krapp, 2005).            
Another conceptualization describes interest development (Hidi & Renniger, 2006) 
in four phases: (1) triggered situational interest; (2) maintained situational interest; (3) 
emerging individual interest; and (4) well-developed individual interest. This model is 
characterized by providing the distinction between phases with regard to changes in 
affective and cognitive processing, which involve interaction mainly with stored 
knowledge and stored value components of interest. More importantly, the process of 
generating stored knowledge significantly influences the stored-value component. From 
this perspective, Schiefele (2009) asserts that the knowledge test results are required to be 
taken into account the individual interest development. However, it is still unclear how to 
categorize individuals with a low level of knowledge together with either low or high levels 
of value into which phase in the model. From the perspective of the model, it seems to be 
more appropriate to conceptualize the interest construct as a value-related concept and 
consider the knowledge component as a separate variable (Schiefele, 2009). In addition, 
the interest construct should be characterized as an emotion that consists of expressions of 
emotions: facial expressions, body movements, positive subjective experiences (e.g. 
curiosity, excitement), behaviour, and goals (e.g. exploration, seeking information) (Silvia, 
2005, 2006).    
Taken together, the interest construct is conceptualized as the specific interaction 
of person and object or content, which is involved with the environment, combined with 
positive cognitive qualities (e.g. values, and thoughts of meaningful goals) and positive 
affective qualities (e.g. feelings of enjoyment), providing optimal experiential conditions 
(Krapp, 2002; Krapp, 2005; Schiefele, 2009). From this perspective, as Krapp (2002) has 
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reviewed, the close combination of value-related and feeling-related component is close to 
the concept of intrinsic motivation; however, interest is only a possible precursor of 
motivation (Schiefele, 2009). Additionally, interest is defined as the positive response of 
cognitive (stored knowledge) and affective (stored value) experience that directs focused 
attention to the activity or event at hand (Hidi & Renniger, 2006; Rheinberg, 2008), which 
can be developed into different stages of learning (as mentioned above). In accordance with 
science learning, an interest construct can be used to describe ‘tendencies to engage in 
science related activities inside and outside of schools’ (Olsen et al., 2011, p. 2).      
Although the term ‘interest’ and ‘motivation’ are often used for the same meaning 
in everyday language (Schiefele, 2009), social psychologists use the term ‘motivation’ to 
describe why individuals in a particular situation think and respond in the way they do 
(Graham & Weiner, 1996). Motivation is an internal driver that arouses and determines 
orientation to individuals’ cognitive, affective, and behavioural variables (Deci & Ryan, 
1985; Koballa & Glynn, 2007; Mubeen & Reid, 2014; Tilley & Fishbach, 2014). In essence, 
the study of motivation evolves with two fundamental elements: Energy or drive, which 
refers to basic psychological needs - competence, autonomy, and relatedness – together 
with the feelings of interest and enjoyment for being free from pressures (e.g. rewards, 
contingencies), and being effective interactions with the environment; and Direction or 
orientation, which refers to the underlying attitude and the process of giving meaning to 
internal and external stimuli (Deci & Ryan, 1985; Ryan & Deci, 2000a).  
(4) The Self-Determination Theory: intrinsic motivation construct 
With regard to the psychological term ‘needs’ described in the Self-Determination 
Theory (Ryan & Deci, 1985), the basic psychological needs represent an essential 
requirement for psychological interest, development, behaviour, and performance. The 
basic needs are for: autonomy, which applies where one’s behaviour is self-regulated and 
aligned with one’s true interests, values, and complete enthusiasm; competence, which 
refers to “inherent satisfaction in exercising and extending one’s capabilities” (p. 27); and 
relatedness, which refers to one’s feeling of belonging to and significance among others. 
In essence, Self-Determination Theory refers to an individual’s needs for flexibility, and 
capacity to choose whenever one experiences a sense of choice, rather than being 
constrained and pressured, to decide and control one’s actions (Deci & Ryan, 1985). 
Accordingly, the present study used the Self-Determination Theory to explain the impact 
of participation in informal science learning settings, since the theory is likely to be 
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appropriate for forecasting behavioural intentions incorporating the effect of the setting in 
relation to learning outcomes in different contexts.                  
In accordance with Self-Determination Theory, motivation is divided into two 
different types based on the different stimuli and the goals of action: intrinsic motivation 
and extrinsic motivation (Deci & Ryan, 1985). Intrinsic motivation is an innate tendency 
to engage with one’s interest and motivate one’s ability to seek and attempt to overcome 
challenges (Deci & Ryan, 1985). Individuals who are intrinsically motivated behave for 
internal rewards (e.g. interest and enjoyment), whereas extrinsically motivated people 
behave to get external rewards or to conform under constraint (Deci & Ryan, 1985). 
Although learning inside school settings commonly involve extrinsic rewards (e.g. grades 
and career outcomes), constraints (e.g. choices and autonomy) and extrinsic factors (e.g. 
evaluation and competition), learning outside of school classroom or in informal learning 
institutions often result from intrinsic motivation (Deci & Ryan, 1985; Packer, 2006; 
Schürmann & Beausaert, 2016). There are numerous reviews of the link between the 
interest concept and intrinsic motivational constructs.  Interest is commonly described as a 
basis of intrinsic motivation (Silvia, 2006) since one wants to do something because it is 
inherently interesting and enjoyable (Renninger, 2002; Ryan & Deci, 2000a). More 
importantly, intrinsic motivation as a natural motivational tendency is a crucial element of 
learning development through acting on one’s inherent interest (Ryan & Deci, 2000a). 
Alternatively, interest is central to the orientation of one’s attention, and consequently, 
behaviour (Deci & Ryan, 1985). For example, students who are interested in and focused 
attention on a particular activity and consequently are intrinsically motivated to engage 
with the activity often experience flow, a feeling of enjoyment that occurs during one’s 
intensive engagement with the interest-based activity at hand (Seligman & 
Csikszentmihalyi, 2000). 
From this perspective, an individual’s intrinsic motivation involves interest and 
enjoyment so that examining the feelings of interest and enjoyment enable a researcher to 
infer intrinsic motivation (Brophy, 2010; Deci & Ryan,1985; Dimmock et al., 2013; Silvia, 
2006). Alternatively, intrinsic motivation can be enhanced when the feeling of perceived 
competence (self-efficacy) together with the feeling of perceived self-determination are 
increased (Behrendt & Franklin, 2014; Ryan & Deci, 2000b). Since self-determination 
facilitates a sense of freedom in controlling one’s own behaviours, intrinsic motivation will 
be increased when students experience a choice without constraints and pressure (Deci & 
Ryan,1985). Therefore, providing a wide choice of learning activities can increase students’ 
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sense of self-determination and also enhance interest, enjoyment (Lyness et al., 2013), 
prolonged effort, persistence (Bonneville-Roussy et al., 2013), active engagement (Turner 
et al., 2014), performance (Legault & Inzlicht, 2013), conceptual learning (Jang et al., 
2016), and achievement (Baeten et al., 2013; Cordova & Lepper, 1996; Koballa & Glynn, 
2007), which in turn affect students’ sense of competence or perceived self-efficacy (Hidi 
& Renninger, 2006; Katz et al., 2014; Schunk & Pajares, 2009). 
In empirical studies, researchers indicated that the natural motivation to learn could 
be reinforced by encouraging environments (Deci et al., 1981; Deci, 1992; Jones et al., 
2013; McCombs, 1991; Sacco et al., 2014); by being free from anxiety and pressure; by 
meaningful activities (Lumpkin et al., 2015; McCombs, 1991; Steinkamp & Maehr, 1984), 
including when the topics of activity meet the person’s prior experiences and interest 
(Jovanović et al., 2017); and when the challenges of the activity meet the individual’s skills 
and capabilities (Csikszentmihalyi & Hemanson, 1995). For example, when children are 
free to choose the activities, they decide to engage with ones that are an optimal challenge 
and just exceed their existing level of competence (Deci, 1985). The NSM Science Caravan 
programme as science outreach provides a free-choice learning environment, including a 
variety of activities for visitors, especially school students, to learn and discover about 
science. An empirical understanding of whether participation in the Science Caravan 
activity affects attitude and motivation towards learning science is a measure of the success 
of the programme.   
2.2.6 Integrated framework – the research framework  
As described in the previous sections, the thesis research draws on the three 
conceptualizations about learning. These three approaches are the three domains of learning 
(cognitive, affective, and psychomotor), Fredricks’ model of engagement, and the 
Contextual Model of Learning. In addition, this research draws on the four theories 
involved in learning experiences resulting from a visit to informal settings, as they relate to 
the psychological constructs used in this study.  The Theory of Planned Behaviour proposed 
by Ajzen (1991) was used in this study to understand the impact of a visit to Science 
Caravan on student intentions to learn science. The Person-object Theory of Interest 
(Krapp, 2002, 2005) is useful in this study as an interconnector between attitudinal elements 
and motivational constructs. The Self-Determination Theory (Deci & Ryan, 1985) is used 
to underpin the construct of intrinsic motivation. The Social-cognitive Theory (Bandura, 
1986) provides the theoretical framework for the construct of self-efficacy belief.  
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These conceptualizations and theories were employed in this study to explain and 
discuss the results of the observation of visitors’ learning behaviours and changes in all 
three elements of attitude (cognitive, affective, behavioural) and motivation (self-efficacy, 
intrinsic motivation) towards science learning of participants after Science Caravan 
engagement. Besides, the impact of Science Caravan participation on visitors’ intention of 
participation in science-related activities in the future was examined via the research 
framework that was developed, based on conceptual and theoretical approaches reviewed 
in this chapter (see Figure 2.2). 
 
Figure 2.2 The theoretical framework used to guide the research design of this study. 
In the context of the Science Caravan setting, the framework depicts a model to 
describe that visitors arrived at the venue of Science Caravan with a personal background 
that influences the perceptions of themselves and the venue. In this instance, Falk and 
Dierking’s (2000) contextual model of learning is employed to explain factors which 
influence visitors’ learning in three main contexts: personal, sociocultural and physical.  
This thesis’ theoretical framework is based on several assumptions:  
1) Visitors’ perceptions regarding the personal, social and physical factors could 
influence their active engagement with activities in Science Caravan which, in turn, 
influence changes in attitudes (cognitive/affective bases) and motivation (self-efficacy and 
intrinsic motivation) towards science learning in Science Caravan.   
2) Behavioural intention of learning science is determined by attitudes and 
motivation towards science learning. 
3) The intention is potentially the antecedent of science learning behaviour. 
In sum, once the sets of attitude and motivation towards science learning are formed 
or changed resulting from active engagement with Science Caravan activities, they could 
Behavioural intention to 
learn science 
Attitudes and Motivation 
towards science learning 










Informal science learning settings 
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influence the formation of behavioural intention to participate in science-related activities 
in the future. Finally, they could perhaps influence a positive change in science learning 
behaviour.    
2.3 Research aims and questions 
Most research into the impact on students’ learning outcomes of visits to informal 
science institutions has reported improvement of the affective domain of learning such as 
attitude towards science, interest, enjoyment, competency beliefs, and motivation (Gutwill 
& Allen, 2012; Holmes, 2011; Nadelson & Jordan, 2012; Lin & Schunn, 2016; Solis, 2020). 
However, all studies mentioned above were conducted in museums and similar institutions 
which are permanent establishments at a particular location with well-organised services. 
This research study focuses on visitors’ learning experiences in a temporary science 
museum setting - Science Caravan - which was exhibited in multi-functional buildings, 
convention halls or stadiums in either local universities or provincial high schools. The 
impact on this short-term, time-constrained visit is examined and analyzed in the context 
of a free-choice learning setting, using the research framework mentioned above. The 
purpose of this research is to examine effectiveness of NSM Science Caravan as a science 
outreach programme. In particular, I assess learning behaviour while engaging with 
interactive exhibits in the Science Caravan and examine the impact of the programme on 
students’ attitudes and motivation towards science learning. A question that has driven this 
thesis research is: What are the impacts of a visit to Science Caravan? The answers provide 
evidence about the extent to which the programme is successful and also provide 
information about how to improve Science Caravan in the future. This thesis addresses four 
key research questions designed to determine to what extent the objective of the programme 
has been accomplished. The research questions are: 
1. Do school students manifest learning behaviours when they engage with  
     interactive exhibits at Science Caravan? 
2. What characteristics of Science Caravan exhibits correspond with increased  
     engagement and learning behaviours? 
3. Does a visit to Science Caravan change attitudes towards science learning? 
4. Does a visit to Science Caravan change motivation towards science learning? 
This study tests the hypotheses that a visit to the travelling science museum, Science 
Caravan, results in significant student affective learning outcomes: a more positive attitude 
towards learning science; increased intrinsic motivation; and increased self-efficacy. It is 
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based on the assumption that an effective programme which provides those outcomes is a 
valuable learning experience. Therefore, this research hypothesises that increased positive 
attitudes and motivation towards science learning can explain students’ intention to engage 
with science-related activities and learn science in the future. The study examines how 
these variables are related. 
2.4 Summary 
This research aims to examine the influence of participation in the Science Caravan 
programme as an informal learning setting on students’ attitude, interest, intrinsic 
motivation, and self-efficacy for learning science. Figure 2.2 shows an overall view of the 
research framework, which was developed based on theoretical aspects reviewed in this 
chapter. All of these psychological constructs have been widely examined in school 
settings, but rarely found in informal settings particularly in science outreach programmes. 
Self-Determination Theory (Deci & Ryan, 1985) is used to describe which factors influence 
intrinsic motivation regarding choice and control. The Social-Cognitive Theory (Bandura, 
1986) is adopted to explain to what extent visitors perceive science inquiry-based learning 
opportunities in Science Caravan can facilitate authentic mastery experiences. Person-
object Theory of Interest (Krapp, 2002) is employed to draw an interconnection between 
visitors’ overt behaviours observed in the setting and intrinsic motivation and attitude. 
Theory of Planned Behavior (Ajzen, 1991) is used to determine the influence of Science 
Caravan on visitor intentions to learn science in the future. 
 In the context of free-choice learning, the interrelationship between learning 
theories, the modified framework of engagement together with the adaption of the Visitor 
Engagement Framework ( Barriault & Pearson, 2010) (see Chapter 3 section 3.5.3) are 
interwoven by the constructivist perspective to elucidate potential learning-related 
outcomes observed during visitor interaction with exhibits. The contextual model of 
learning is applied to understand and explain which factors influence perceived learning 
experiences self-reported by visitors. Reviewing all these concepts, constructs, and theories 
enable me to create a research framework in order to gain a complete understanding of the 
influence of participation in Science Caravan. The framework, in turn, influences the 
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This study examined experiences of regional high school students at Thailand’s 
Science Caravan. The impact of participation in the programme activities on students’ 
attitude and motivation towards science learning was assessed. This chapter outlines the 
research paradigm, methodology, research design, and methods employed in this study, 
including details of the development of instruments and discussion of their limitations. The 
rationale behind the selection of subjects, and sample size used to address research 
questions is discussed. The sampling strategies, methods of data collection, data analysis, 
and ethical considerations are then presented.      
3.2 Research paradigm 
 In social science research, the term ‘paradigm’ has been used in different contexts 
to describe a worldview, an epistemological stance, a set of shared beliefs among 
researchers in the subject area, or model examples (Morgan, 2007). Holistically, the 
research paradigm reflects a researcher’s perspective, thinking, and beliefs about the world, 
which influence philosophical assumptions the researcher makes about the nature of reality 
(ontology) and the way of knowing and comprehension (epistemology). Accordingly, the 
research paradigm can be defined as the philosophical orientation that guides a researcher’s 
decision-making in determining the methodology and methods used in research, as well as 
the way data are analyzed (Kivunja & Kuyini, 2017) and presented.   
 Philosophers have argued that assessing the truth about the nature of social reality 
with a single approach is not possible (Kivunja & Kuyini, 2017; Shannon-Baker, 2016). 
This study adopts the critical realist paradigm as a framework, which advocates a 
constructivist epistemology. An epistemological stance of constructivism views knowledge 
as being mentally constructed by an individual based on their beliefs, perspectives, and 
experiences (Schunk, 2014). Critical realism posits that social reality exists independently 
outside of perception, and theories are merely able to partially represent a view of social 
phenomena (Shannon-Baker, 2016). It is appropriate to use either qualitative or quantitative 
approaches (Bisman, 2010), or mixed methods (Maxwell & Mittapalli, 2010).  
 Much research using a critical realist paradigm aims to understand and verify the 
underlying structures or generative mechanisms and causation in reality that influence 
actions or phenomena that are experienced and observable in particular situations or 
contexts (Bisman, 2010). This paradigm is particularly relevant for Research Question 3 
and 4 of this thesis: Does a visit to Science Caravan change participants’ attitude and 
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motivation towards science learning? The outcomes (changes in attitude and motivation 
towards science learning) of actions (participation in the Science Caravan) result from 
generative mechanisms (the mental processes of evaluative responses to beliefs and values 
derived from experiences) occurring in particular situations or contexts (a personal, 
physical, and social context existing in the unique characteristics of the Science Caravan 
setting).       
A critical realist perspective accepts an individual’s mental state and characteristics 
(e.g. feelings, beliefs, values) as ‘part of reality’ which are not merely abstractions from 
one’s behaviour or constructions of the researcher. The reality of the world can be 
understood in both an individual’s mental perspectives and physical contexts which are 
relevant to individual and social phenomena (Maxwell & Mittapalli, 2010). Thus, the 
critical realist framework approaches an understanding of the relationship between an 
individual’s mental perspectives and one’s actual situation, which determines phenomena 
(Maxwell & Mittapalli, 2010).  
3.3 Research design 
 Given a critical realist perspective which embodies a constructivist epistemology, 
this study concerns multiple assessments on a single object or phenomenon, and the 
interrelationship between underlying mechanisms as parts of mental processes that 
motivate one’s actions, which involve with the contexts, in particular situations, as 
described by Bisman (2010). To address the research questions related to learning 
experiences students derived from participation in the Science Caravan, a mixed methods 
approach was used. Mixed methods afford a better understanding of the phenomenon 
studied than employing one single approach (Shannon-Baker, 2016). It combines a 
deductive approach, where quantitative measurement is central, and used when a researcher 
tests theoretical concepts with the data, and an inductive approach, where qualitative 
methodology is used to emphasize the meaning and importance of contexts in the situation 
being studied (Daniel & Harland, 2018; Robson, 2011).    
 This study is evaluation research using a convergent parallel mixed-methods design 
as outlined in Table 3.1. It examined effectiveness of a programme in a particular setting 
and employed qualitative and quantitative approaches during the same stage of data 
collection (Creswell & Clark, 2011; Robson, 2011). This research design prioritizes each 
method similarly, analyzes the data obtained independently, and then combines the results 
in the process of overall interpretation in order to use the different data from different 
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methods to synthesize complementary results for a more holistic understanding of the topic 
(Creswell & Clark, 2011). In this study, the pre/post-questionnaire-based survey and direct 
observation were used and prioritized equally; semi-structured interviews were conducted 
to obtain complementary data. 
Table 3.1 Research approaches and methods used to address research questions.  
Research Questions Approaches and Methods of data collection 
1. Do school students manifest learning behaviours 
when they engage with interactive exhibits at Science 
Caravan?  
- direct observation of participants’ learning 
behaviours in the exhibition space 
2. What characteristics of Science Caravan exhibits 
correspond with increased engagement and learning 
behaviours? 
- direct observation of visitors’ learning behaviours 
at different exhibits in the exhibition space 
3. Does a visit to Science Caravan change attitudes 
towards science learning? 
- pre/post-questionnaire-based survey on-site        
(see Table 3.6) 
4. Does a visit to Science Caravan change motivation 
towards science learning? 
- pre/post-questionnaire-based survey on-site         
(see Table 3.7)   
Complementary data. In terms of learning 
experiences, what do participants derive from the 
NSM Science Caravan participation? 
a. Knowledge acquisition (Cognitive) 
b. Expectations (Affective) 
c. Learning preferences (Behavioural) 
 
 
- the pre/post-questionnaire-based survey on-site 
- the semi-structured interviews on-site 
- the pre/post-questionnaire-based survey on-site 
 
3.3.1 Direct observations of visitor behaviour as a mixed method  
Observation enables researchers to describe the behaviour under study through 
observing participants in the chosen setting (Kawulich, 2005) . Unobtrusive observations 
were used to assess students’ learning behaviours while they were engaging with interactive 
science exhibits in the Science Caravan in the context of free-choice learning. DeWalt 
( 2011)  suggests that observation can be used to increase the validity of a study, and also 
can provide a deeper understanding of findings from the study. In this research, observation 
triangulated with the survey and interview methods, was employed to strengthen and 
increase the validity of the findings.  More importantly, the main reason for the use of 
unobtrusive observation as one of the research methods in social science study is to avoid 
some of the methodological weakness of interviews and questionnaire-based surveys:  
Interviews and questionnaires intrude as a foreign element into the social 
setting they would describe, they create as well as measure attitude, they elicit 
a typical role and response, they are limited to those who are accessible and 
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who will cooperate, and the responses obtained are produced in part by 
dimensions of individual differences irrelevant to the topic at hand. 
(Webb et al., 1966, p. 1) 
 
Unobtrusive observations allow the researcher to sample those who may not 
otherwise choose to cooperate. They also mitigate against the Hawthorne effect which 
refers to alterations of behaviour when participants are aware they are being studied or 
observed (McCambridge et al., 2014). The term ‘unobtrusive observation’ or ‘unobtrusive 
measure’ is used in this research to refer to data collected when the researcher does not 
directly gather information from participants, or without requiring their collaboration, 
physical contact with, or even proximity to participants; this is done in order to avoid the 
problems caused by the researcher’s presence (Connelly, 2017; Sechrest, & Hill, 2001; 
Webb, 1966). In other words, this approach diminishes the likelihood that research subjects 
change, modify or improve their behaviour as a result of knowing that they are being 
observed (Hill et al., 2014).  
3.3.2 Questionnaire-based surveys as a quantitative method  
 A quantitative questionnaire-based pre-test/ post-test survey was employed to 
define and explain cause and effect among the variables of phenomena studied (Daniel & 
Harland, 2018). Questionnaires are extensively used for collecting data from and about 
people. They provide a relatively straightforward method to study attitude, beliefs and 
motivation (Robson, 2011). A quantitative method requires a large sample size of subjects 
who are representative of the population for the study to provide generalizable conclusions 
(Creswell & Clark, 2011; Robson, 2011). In this study, questionnaires were designed to 
determine the impact of participation in the Science Caravan on attitude and motivation 
towards science learning by presenting respondents with a series of items and questions 
asking about their feelings, thoughts, actions, and experiences derived from engaging in 
the Science Caravan.  
In order to address the research questions, I provided a selfadministered 
questionnaire to students who were asked to complete brief surveys both before and after 
participating in Science Caravan activities on site.  The purpose of conducting pre-/ post-
test was to measure changes in attitude towards science learning resulting from 
participation in Science Caravan.    
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3.3.3 Semi-structured interviews as a qualitative method  
The primary aim of a qualitative approach interview is to understand interpretations 
of social phenomena by interrogating feelings, opinions, beliefs, and perspectives about a 
particular situation (Daniel & Harland, 2018; Kvale & Brinkmann, 2015; Raved & Assaraf, 
2011). The present study employed a semi-structured interview which allows an 
interviewer flexibility to change the sequence of questions and openness to responses to 
the interviewee by asking for clarification and examples and asking further questions in 
order to better understand the interviewee’s thoughts (Kvale & Brinkmann, 2015; Raved & 
Assaraf, 2011). It is the most appropriate choice in this study because a concern of 
explanation skills of target participants can be addressed by this interview format.    
 The interview data provide both in-depth and complementary information about 
learning experiences students derived from engaging with, in particular, interactive science 
exhibits, including their perspectives on the values of participation in the Science Caravan 
as another source of informal science learning. Additionally, interviews explored important 
factors affecting learning, including potential learning outcomes resulting from engaging 
in the Science Caravan activities.  
3.4 Research sites - the NSM Science Caravan  
In the second semester of the academic year 2017 in Thailand,  Nov 2017 –  Feb 
2018, the NSM Science Caravan visited six rural high schools and six local universities 
from 12 provinces in all five regions of Thailand (Figure 3.1).  Results from all of those 
venues of the event are reported in this thesis.  
At each venue, Science Caravan was opened to visitors for four days, Tuesday – 
Friday:  0830 – 1600 hrs., with six major types of settings - interactive science exhibits, 
hands-on activities, science shows, science laboratories, Maker Space, and a planetarium 
show.  A ‘Visitors services’ station included a registration desk, situated in front of the 
exhibition area.  Regarding participation in science shows, science laboratories, Maker 
Space, and the planetarium, visitors need to reserve seats before attending the activities on-
site because those activities were run at particular times with a limited number of seats. An 
NSM staff member and two volunteers worked in the section of ‘ Visitors services’  to 
support me in organizing the operational details of survey and interview data collection at 





Figure 3.1 Research sites of this study – different colours indicate different regions. 
The interactive exhibits and hands-on activities were run throughout opening hours 
and all visitors were free to participate in those without prior reservation.  All of the 
interactive exhibits were placed in an exhibition space that usually was a conventional hall 
or a gymnasium. 
Direct observation of students’ learning behaviours was designed to take place in 
the exhibition space of Science Caravan.  The exhibition space was chosen because free-
choice learning was the focus of this study. In this area, there are no conditions or 
restrictions on participation in activity; no reservation needed, students have freedom to 
choose and control their exploration and engagement as they follow their interests and 
impulses while they move through an exhibition space packed with exhibits, they have a 
freedom to socialize with their peers or presenters. 
The area has only one entrance/ exit door that is always open and accessible to all 
visitors attending the interactive exhibits. The majority of visitors are school children who 
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spend a day with their class on a visit which has been organised by teachers. The exhibition 
space consists of seven categories of interactive tabletop exhibits. Five out of seven 
categories were selected for this study, including interactive exhibits which were designed 
to convey the scientific principles and mathematics underlying a given phenomenon by 
presenting an analogy-based exemplar. The exhibits selected were developed with an intent 
to engage visitors in a direct experience by manipulating variables of the exhibits to explore 
the phenomenon. 
Each category is designated by a different colour and consists of nine or ten 
exhibits:  i)  violet:  force & motion, ii)  green:  reaction & sight, iii)  red:  electricity & 
magnetism, iv) blue: mathematics, v), and yellow: light - colours and sound. Each exhibit 
has a graphic label that 1) incorporates instructions together with graphic images about how 
to interact with the exhibit correctly, 2) gives an explanation of the cause of the 
phenomenon in terms of scientific principles, including a graphic that illustrates the 
scientific phenomenon, and 3) describes the relevance of the principle in the real- world, 
with examples which can be found in everyday lives. Because of the consistent design and 
dimensions of each exhibit’s case and component, the exhibits can presumably draw 
visitors’ attention in a similar way. In other words, influence of exhibit design on learning 
motives of visitors under a condition of free-choice learning setting was minimised in the 
exhibition space at Science Caravan.        
During opening hours in the exhibition space, there are volunteer explainers who 
encourage visitors to interact with the exhibits and explain the scientific principles 
illustrated by the exhibits. They receive training for two days beforehand, covering the 
principles and practices of a science communicator and an overview of the scientific 
content of all exhibits in the exhibition space, with a focus on the exhibits for which they 
would be responsible. 
Semi-structured interviews of students were usually conducted on-site at the venues 
of the Science Caravan at an assembly point. This was where students gathered when they 
first arrived at the venue before attending the activities, and where they waited for 
transportation to bring them back to school. The assembly points of some of the Science 
Caravan venues were not appropriate for data collection because, for instance, the areas 
were slightly remote from the parking areas of the students’ transportations. Hence, 
students did not spend much time gathering at the assembly point, since they were at the 
point when they were about to get on vehicles. Additionally, students could not fully pay 
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attention to the interview because they were worried that their teachers would call their 
names for checking before getting on the vehicle back to school. 
3.5 Research methods 
3.5.1 Direct observation of visitor learning behaviour 
3.5.1.1 Research instrument - The Visitor Engagement Framework  
In informal learning settings, visitor interactions with activities have been defined 
as learning behaviours which enable a visitor to process information and construct new 
knowledge (Vom Lehn et al., 2001). Observing visitor behaviours to understand visitor 
learning has been widely used in previous studies (e.g. Boisvert & Slez, 1995, Falk, 1983, 
Serrell, 2010).   
In recording observations, quantitative and qualitative data were accumulated using 
observation protocol components that capture a progression in visitors’ learning behaviour 
from the Visitor Engagement Framework ( Barriault & Pearson, 2010) .  There were three 
reasons for adopting this framework: i) the framework was developed based on a 
manifestation of observable behaviour as science centre visitors engage with science 
exhibits as an indicator of learning, addressing  one of the research questions of this study, 
ii) the focus of the framework includes the individual and their social context and so relates 
to the contextual model of learning adopted in this study, and  iii) the framework is 
consistent with a constructivist perspective of learning that refers to the notion that learners 
construct knowledge for themselves, which is related to an epistemology used in this study.  
The original framework consists of seven learning behaviours which are grouped 
into three levels of engagement behaviours, reflecting an increasing progression of 
learning: i) Initiation behaviour, ii) Transition behaviour and iii) Breakthrough behaviour. 
The highest level of learning behaviour in the framework is the Breakthrough level.       
I conducted a pilot study to test the useability, reliability, generalizability, and 
compatibility of the Visitor Engagement Framework with and accessibility of collecting 
data from Science Caravan visitors. In their Visitor Engagement Framework, Barriault & 
Pearson (2010) identified observable learning behaviours that reflect each three 
engagement levels described below. Results from the test were used to refine the 
framework and led to the modification of to provide a useable and reliable final learning-
related behaviour assessment tool (as shown in Table 3.2) that was used in this study. 
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Initiation behaviour, comprised of:  i) “spending time watching others engaging in 
the activity of observing the exhibit” and ii) “doing the activity”. These behaviours can be 
an indicator of the initial steps towards a relevant learning experience.  At this level, 
therefore, in order to answer the research question more clearly, this study takes into 
account the quality of the engagement with respect to learning. I then counted learning 
behaviour in this level when the observed visitors complete the tasks of the exhibits or until 
the phenomenon of the activity is shown. As a result, types of activity in the Initiation 
behaviour that were modified appear in Table 3.12 in italics.  
Transition behaviour, consists of i)  “repeating the activity” and ii)  “expressing 
positive emotional responses in reaction to engaging in the activity”.  These behaviours 
potentially illustrate that visitors are more likely to be intrinsically motivated learners, 
particularly when they express feelings of enjoyment, and appear willing and eager to 
interact with the exhibits in which they are engaged (Barriault & Pearson, 2010; Liu & 
Falk, 2014). In addition, when visitors gain satisfaction from engaging with a topic or 
subject through the activity, they want to learn more about that topic or subject (Renninger, 
2007) and, in the process, move upward on the steps of improved science experiences and 
understanding (Schwan et al., 2014).  
Finally, Breakthrough behaviour is comprised of:  i)  referring to past experiences 
while engaging in the activity, ii) seeking and sharing information with others and iii) being 
engaged and involved. These behaviours can be an indication of constructing meaning and 
building their own understanding via prior knowledge and experiences, which reflects the 
relevance of the knowledge gained from the exhibits to the individual’ s everyday life 
(Barriault & Pearson, 2010).  
The large number of visitors in the Science Caravan exhibition space in every 
moment of opening hours created loud noises of visitors playing, talking and laughing; this 
caused trouble for observing one of the learning behaviours at the Breakthrough level in 
the Visitor Engagement Framework checklist: “referring to past experiences while 
engaging in the activity”. It was not possible to reliably observe and understand that kind 
of verbal behaviour from a distance in the Science Caravan exhibition space. Moreover, 
Thai rural children normally talk to their peers using their local dialect; as such, their verbal 
pronunciations could not necessarily be clearly understood. As a result, verbal signs of 
learning in the Barriault & Pearson Visitor Engagement Framework were not used in this 
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study; instead, the six non-verbal signs of learning behaviour were observed and recorded. 
A detailed explanation of each engagement level is provided in Table 3.2.  
 
Table 3.2 Types of activities that characterize learning behaviour in the Visitor Engagement 
Framework used in this study (adapted from Barriault & Pearson, 2010). 
 
Learning behaviour   Types of activity at exhibits 
Initiation behaviours  
1. Spending time watching others 
engaging in activity or observing  
Looking at the exhibit working, or watching someone doing the    
     activity  
the exhibit until the phenomenon  
is shown 
Watching the exhibit or person interacting with exhibit with  
     expressed interest in the activity (determined by facial  
     expression or verbal) 
 Expressed interest in learning outcome or in learning the activity;  
     visitor does the activity after observing 
2. Doing the activity Doing the activity completely 
 Doing the activity until the phenomenon is shown 
Transition behaviours   
3. Repeating the activity Doing the activity two to three times to attain desired outcome, to  
     master the exhibit’s function 
 Changing the variables once looking for a difference in outcome;  
     becoming involved/engaged 
4. Expressing positive emotional  Smiling, looking pleased with exhibit 
 response in reaction to engaging in 
activity 
Stronger signs of enjoyment such as laughter  
 Obvious signs of eagerness to participate; excited disposition 
Breakthrough behaviours  
5. Seeking and sharing information Beckoning someone over to look at exhibit  
      
 Looking at signage; having conversations with staff or friend 
  
6. Engaged and Involved:  
testing variables, making 
comparisons, using information  
Engaging in inquisitive behaviour, exploratory actions such as  
     repeating the activity several times, reading signage, asking  
     questions; remaining on task for 2–3 minutes 
gained from activity Concentration and motivation are obvious; doing the activity as a  
     means to an end, or meeting a challenge; significant length of  
     interaction (3 to 5 minutes); outcome or result of activity  
     appeared to be important 
 Experimenting, testing different variables, looking for different  
     outcomes; engaging in discussion with others (visitors or staff)  
     about the various outcomes; 
 Appearing to experience ‘flow’; was involved in activity for long  




3.5.1.2 Identifying exhibit characteristics  
The research reported in this thesis focused on visitor interaction with science-
related interactive exhibits in the exhibition space of Science Caravan. Something to be 
noted is that some exhibits did not last for the whole period of data collection, did not 
present a scientific principle or phenomenon (e.g. those focused on career-paths, etc.), or 
often malfunctioned. As a result, 38 out of 60 exhibits, including mathematics were selected 
and analysed in this study. Because this study also explores particular features of exhibits 
that influence visitors’ engagement, all selected exhibits were classified using two criteria: 
i) types of manipulation (single or multiple-action), and ii) types of phenomenon (intuitive-
based analogy or counterintuitive-based analogy). 
Types of manipulation 
 One comparison of exhibits was between those with a single-action (n = 13) and a 
multiple-action (n = 25) type of manipulation. Single-action refers to the process of 
activating or operating the exhibit by merely pushing a button, or spinning/revolving an 
object or a knob, and then observing a phenomenon. Single-action includes the exhibits 
where there is no variable to do an experiment or to compare a phenomenon. In contrast, 
multiple-action includes exhibits which could be manipulated by experimenting with 
different provided variables and observing phenomena to compare the results. To be 
classified multiple-action, an exhibit that could be manipulated by only one manner such 
as revolving a knob, would have more than one variable that could be examined.  
 Types of phenomenon           
 The second comparison of exhibits involved contrasting presenting of phenomena 
with either an intuitive-based analogy (n = 19) or a counterintuitive-based analogy (n = 19). 
An intuitive-based analogy refers to a representation of a scientific phenomenon that can 
be known or understood immediately without any proof or much thought. As a result, most 
of the exhibits with intuitive presentations involved real world-based phenomena that are 
relevant to daily life experiences. In contrast, counterintuitive-based analogy refers to an 
analogical representation of a scientific phenomenon that goes against one’s general 
perceptions or conflicts with prior knowledge or expectations. The categorisation of 
exhibits was made in consultation with NSM museum practitioners who developed them.   
 For data analysis and interpretation, the exhibits were categorised into four groups, 
depending on type of interactivity and type of phenomenon. Table 3.13 shows the groups 
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of interactive exhibits classified in this study and a list of all randomly selected exhibits, 
themes, and the groups into which they have been classified.  
Table 3.3 Exhibits observed in this study.   
Theme Group Exhibit Title Theme Group Exhibit Title 
Light, colours, 1 Periscope Electricity & 1 Image pin 
and sound 2 The Abyss magnetism 1 Magnet Flip 
 3 Colour Mix  1 AC Motor 
 3 Tap a phone  2 Eddy Current 
 3 Colour Filter  3 Electron Flow 
 3 Bendy Mirror  3 Magnet Show 
 4 Sound Freak  4 Magnet Brake 
 4 Light Through  4 Hand battery 
 4 Light Angles    
      
Reaction & sight 3 Reaction Test Force & motion 2 Blow out 
 3 Mirror Mirror  2 Diver 
 4 Cloudy Sight  3 Energy ball 
 4 Zoetrope  3 Juggle club 
    3 Stress lab 
Mathematics 1 Clever Conics  3 Gear trains 
 1 Water Spin  4 Pulleys 
 2 Hyperbolic  4 Lever 
 2 Cycloid Race  4 Rolling Cone 
 2 Reuleaux Roll  4 The Arch 
 3 Dress Up  4 Floating Ball 
N.B.: Group1: single-action/ intuitive-based analogy; Group2: single-action/ counterintuitive-based analogy; 
Group 3: multiple-action/ intuitive-based analogy; and Group3: multiple-action/ counterintuitive -based 
analogy.  
 
3.5.2 Questionnaire-based surveys 
3.5.2.1 Research instrument design  
Development and validation of the instrument to measure attitude and motivation 
towards science learning is discussed in the following sections. The self- administered 
questionnaire consisted of four sections: (A) Attitude towards learning science; (B) About 
NSM Science Caravan; (C) About you; and (D) About your motivation towards learning 
science. The entire questionnaire can be found in Appendix B. The 15-item instrument for 
attitude measurement in section A included three scales that reflect:  (1) Personal feelings 
about science; ( 2)  Perception in the value of science; and ( 3)  Intentions of future 
participation in science. An instrument for measuring motivation in section D had 15-items 
for two scales:  ( 1)  Intrinsic motivation; and ( 2)  Self- efficacy.  All statement items asked 
respondents to rate their level of agreement on a five-point Likert-type scale with: strongly 
agree, somewhat agree, neither agree nor disagree, somewhat disagree, and strongly 
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disagree, or don’ t know. Additional questions collected information on participant 
demographics (age, gender, educational levels). 
Section B, ‘ About NSM Science Caravan’ ,  consisted of three multiple choice 
questions which were based on three domains of learning formation: (1) Cognitive, (2) 
Affective, and (3) Behavioural. Question B1 addressed the cognitive domain by 
investigating which physics principles participants’ perceived relevance of their everyday 
lives (pre-test) and how change after Science Caravan participation (post-test).  Choices 
covered all physics principles which were illustrated by interactive science exhibits, hands-
on activities, science show and science laboratory in Science Caravan.  Question B2 
addressed the affective or feeling domain; a question was used to determine the 
expectations of (pre-test) and the perspectives of learning experiences derived from 
activities in Science Caravan (post-test), which could be an indication of achievement o f 
educational objectives of visitors to a certain extent.  Finally, Question B3 involved the 
psychomotor or behavioural domain; the question investigated effective learning strategies 
of visitors in a free-choice environment. These results were triangulated with results from 
the unobtrusive observation which links to learning behaviours manifested in physical 
movement and response to activities in Science Caravan. 
3.5.2.2 Development of attitude and motivation towards science learning measures   
As reviewed by Osborne et al. (2003), there are many approaches to measure 
attitude towards science learning. One of the most commonly used methods involves use 
of Attitude scales that consist of Likert type items where participants are asked to respond 
either positive or negative inclinations toward an attitude object (construct). A five-point 
choice that is consisting of ‘strongly agree, somewhat agree, neither agree nor disagree, 
somewhat disagree, strongly disagree’, for instance, is frequently offered to respondents to 
reflect their feelings. The employment of a series of items that are consistent with the same 
construct is increasing the reliability of the summated rating scores (Kind et al.,2007).      
The first focus on developing an instrument to measure students’  attitude and 
motivation toward science learning involved defining attitude and motivation constructs or 
scales.  According to Petty et al. (1997) and a review by Olson & Zanna (1993), the 
definitions of attitude have been given in a variety of contexts, but are based on a desire to 
evaluate. For instance, attitude have been defined as “a psychological tendency that is 
expressed by evaluating a particular entity with some degree of favor or disfavor" (Eagly 
& Chaiken 1993, p 1.). With regard to a common definition, attitude is an unobservable 
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psychological concept which is able to manifest itself in relevant cognitive, affective, and 
behavioural components (Fazio & Olson, 2007). Reid (2006, p. 4) provides a summary 
definition of these components: 
(1) Affect: a feeling about the object; 
(2) Cognition: a knowledge, beliefs, values about the object; and 
(3) Behaviour: a tendency to engage in action about the object.      
With regard to the aim of this study, statements adopted as the items in the 
behavioural component of an attitude measure focused mainly on individuals’ intention to 
engage in science-related activities (see Table 3.6). In this study, therefore, the behavioral 
component of an attitude measure is called ‘Behavioural intention’.  
All attitude constructs were chosen to link with the definitions of three components 
of attitude, which were focused upon as those most likely to be relevant to the objectives 
of the Science Caravan project, which is to provide children in regional communities the 
opportunity to learn science with enjoyment, and in particular, to inspire and motivate them 
to learn about science. I used three scales of attitude and three scales of motivation in 
designing the scales in the new survey instrument as a way of examining Science Caravan 
participants’ affective outcomes in various aspects of science. Regarding the identified 
scales of attitude and motivation towards science learning based on Theory of Attitude 
(Eagly & Chaiken, 1993), Theory of Planned Behaviour (Ajzen, 1991), Theory of Self - 
efficacy (Bandura, 2006), and Self - Determination Theory (Ryan & Deci, 2000b) as shown 
in Table 3.4.   
All the attitude scales listed above were chosen since those are related to the NSM 
objective and could possibly be affected by participation in the Science Caravan activities. 
The survey instrument to evaluate visitors’ attitude towards science and motivation towards 
learning science consisted of abbreviated version of four inventories of attitude and 
motivation measurement: My Attitude Toward Science ( MATS)  ( Hillman et.  al. , 2016), 
Attitude Towards Science Measures (Kind et al., 2007), the Science Motivation 
Questionnaires II (SMQ II) (Glynn et al., 2011), the Students’ Motivation Toward Science 
Learning (SMTSL) (Tuan et.  al. , 2005).  In this study, 16 items from six particular scales 
from these inventories have been adopted, combined and slightly modified. An additional 





Table 3.4 Constructs used in this thesis research to measure attitude and motivation towards science 
learning.  
Constructs or Scales Definitions Theoretical basis 
   
Personal feelings about 
science (Personal feelings) 
Participants feelings and perceptions about 
science. 
Affective element of attitude 
(Eagly & Chaiken, 1993) 
   
Perception of the value of 
science (Perceived value)  
Participants perceive the importance of 
scientific knowledge to self and in a broader 
social context (Hillman, Zeeman, & Tilburg, 
2016). 
Cognitive element of attitude 
(Eagly & Chaiken, 1993) 
   
Intention of future 
participation in science 
(Future participation) 
Participants intend to engage and learn more 
about science in the future (Kind, Jones, & 
Barmby, 2007). 
Behavioural intention (Ajzen, 
1991) 
   
Intrinsic motivation  Participants enjoy and seek learning science 
for their own sake. 
Intrinsic motivation (Ryan & 
Deci, 2000a) 
   
Self - efficacy  Participants perceive their own confidence to 
accomplish in science learning. 
Theory of Self - efficacy 
(Bandura, 2006) 
   
Self - determination  Participants control their perceived choice and 
believe in science learning. 
Theory of Self - determination 
(Ryan & Deci, 2000b) 
 
There were two reasons for not directly adopting all items in each particular scale 
or using available measures from these inventories: i) most items were not designed for 
high school students, and ii) many items were not related to an informal science learning 
and a free-choice learning setting. More importantly, this study intended to assess specific 
constructs to determine whether the objectives of the Science Caravan project were being 
met. Therefore, 30 items (16 adopted items plus 14 original items) were included and 
combined into defined scales using five-scale responses to measure the impact of 
participation in Science Caravan of students in regional communities of Thailand. 
All instrument items adopted in this were responded on a five-point Likert-scale 
that was composed of a series of Likert-type statements representing the same constructs. 
Although the optimal number of rating points are probably dependent on individuals’ 
cognition and willingness to provide accurate response, it is important to note that data 
from Likert items becomes substantially less accurate when the number of response points 
are below five or above seven in rating scales (Preston & Colman, 2000; Johns, 2010). 
Moreover, a five-point scale seems to be less confusing and so increases response rate and 
response quality (Babakus & Mangold, 1992) because it is easily comprehensible, reduces 
respondents’ frustration, and avoids respondents’ boredom (Hox & Borgers, 2001). This is 
particularly important for children and adolescents (Bell, 2007). 
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   Regarding the “Do not know” response option that was included in the rating scale 
point, the common reason for offering this option is in case respondents lack the essential 
information and/or experience with those statements with which to manifest opinions or an 
attitude (Krosnick, 2010), particularly respondents who are not interested in a topic and/or 
object described in the statement items and might have a slight affective involvement. In 
the case of respondents who might hesitate to report a response and are less likely to spend 
a cognitive effort or lacks cognitive ability to do so (Hox & Borgers, 2001) but would like 
to be helpful, the “Do not know” was an appropriate option to help avoid and reduce bias 
in the other responses (Hippler & Schwarz 1989) as well as increase reliability (Muijtjens 
et al., 1999).  
Prior to the analysis of data, the responses given by Science Caravan visitors to 
questionnaire items were coded numerically (5 = strongly agree, 4 = somewhat agree, 3 = 
neither agree nor disagree, 2 = somewhat disagree, 1 = strongly disagree, and 0 = do not 
know). 
3.5.2.3 Validity 
Content validity of the questionnaires involved assessment by seven science 
communication researchers. The seven included a professor in science communication, 
four PhD research students in Science Communication, and a professional practitioner and 
researcher in Science Communication. The questionnaires were then translated into Thai 
and sent to a Thai researcher at the National Science Museum, Thailand to ensure that the 
translation was correct and each statement could be clearly understood.  
3.5.2.4 Piloting the survey instrument 
For the pilot, self-administered questionnaires were paper-based and distributed by 
NSM staff who were directly involved with Science Caravan.  The pilot questionnaires 
were distributed to both senior primary students and high school students in order to test 
whether the instrument achieved an acceptable score of reliability ( Cronbach’ s alpha 
reliability: α > 0.70) .  The other purpose of the pilot was to verify that all items within the 
psychological measurements, instructions and questions were clearly understood.  
Participants in the pilot included 114 students from eight different schools in three 
provinces (one located in the East of Thailand, and two in the South of Thailand), who were 
randomly selected and asked to complete the questionnaires before and after participating 
in the Science Caravan activity. The results of a pilot study showed that the instrument did 
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not work well for primary school students (years 4, 5, and 6, age 10 to 12 years). There 
were two reasons to be noted. Firstly, primary school students might not clearly understand 
the meaning of the items within the measurements of attitude and motivation. A statistical 
result showed that the score of Cronbach’ s alpha reliability was increased from a level of 
unacceptable (α < 0.50) to acceptable (α > 0.70) once the data of primary school students 
were removed. 
The pilot study also showed that negative items did not suit the study group.  The 
negative items might not be suitable for students in this study in Thailand because they 
force respondents to reverse the meaning of negative items to deliver a positive response 
( Bell, 2007). Therefore, negative items were not used in questionnaires for this study. 
Moreover, a statistical result showed that the score of Cronbach’ s alpha reliability was 
increased from a level of unacceptable (α < 0.5)  to acceptable (α > 0.7)  once the data of 
negative items were removed.  As a result, it was decided to target high school students in 
this study and all negative items were converted into positive items for the measurements 
of attitude and motivation (see Appendix B3 and B4).  
In the case of measures of attitude and motivations, a series of five Likert-type items 
were combined into a single mean score of each attitude and motivation scale for data 
analysis. Combined items are used to provide a quantitative measure of a personality trait 
(Allen & Seaman, 2007; Boone & Boone, 2012; Norman, 2010). To allay concern about 
poor psychometric quality of the measures, an instrument’s reliability and validity must be 
considered by measuring internal consistency and unidimensionality of a set of items 
(Gardner, 1975, 1995; Munby, 1983; Osborne et al., 2003; Hillman et al., 2016). Many 
researchers suggest using exploratory factor analysis and internal consistency reliability 
(Cronbach alpha) technique to provide evidence that the items of the scale are sufficiently 
intercorrelated and that the combined items measure the underlying specific characteristics, 
which confirms the unidimensionality of the separate scales (Sullivan, & Artino, 2013; 
Allen, & Seaman, 2007; Kind et al., 2007; Tavakol, & Dennick, 2011).  
It is important to note that analysing an instrument’s reliability and validity should 
be established on a sufficiently large sample (N > 300) (Pallant, 2004) before collecting the 
research data. In this study, however, this procedure was unable to be performed because 
of the time constraints of the visit for data collection. Regarding the distance between New 
Zealand and Thailand, a pilot study was conducted by NSM staff who were asked for 
assistance in the data collection onsite. The number of responses was somewhat lower than 
anticipated. Ideally, additional testing of an instrument would be conducted after the pilot 
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testing and before the research data were collected in order to check the psychometric 
properties and a multidimensionality of the instrument. Because of the limitation of 
research funding and the regulation of the scholarship regarding travel for data collection, 
this procedure was unable to be performed in this study. Therefore, this study used data 
collected as part of the field-testing phase to evaluate the instrument by using Exploratory 
Factor Analysis technique, and at the end Confirmatory Factor Analysis was used to affirm 
the structure of the instrument. These analyses are described below. 
3.5.2.5 Analysing an instrument’s reliability and validity  
(1) Exploratory Factor Analysis 
It is important to check the reliability of an instrument after collecting actual data. 
In this instance, the instrument included a combination of verbatim items from different 
inventories, new items to address informal science learning and items modified to be 
appropriate for the Thai context. As this study also focused on specific constructs 
measuring attitude and motivation towards science learning, exploratory factor analysis 
was used to determine latent dimensions or scales and confirm the unidimensionality of 
each construct or scale with a set of 15 items for the attitude measure and 15 items for the 
motivation measure. An outline of the factor analysis is shown in Figure 3.2.  
 








Figure 3.2 Summary of the procedure of exploratory factor analysis used to test reliability of the 
instruments used in this research. 
Sample size > 300 Kaiser-Meyer-Olkin (KMO) index > .6, p < .05  
Extraction underlying factors 
Factor extraction: Principle axis 
factoring analysis  
Kaiser’s criterion: eigenvalues > 1.0 
Items loadings in the 
same factors 
Factor rotation: oblique (correlated) 
factor solutions with Promax rotation 
  
Reliability 
Internal consistency reliabilities: 
Cronbach’s alpha > .7 
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Two statistical techniques - Bartlett’s test of sphericity and the Kaiser-Meyer-Olkin 
(KMO) were used to assess the correlation among variables which are sufficient to specify 
the underlying constructs, and to examine the degree of correlation between variables 
(Mazas et al., 2013; Pallant, 2011). The results of KMO and Bartlett’s test of sampling 
adequacy ranged from 0.900 to 0.952 for the pre-test and 0.090 to 0.957 for the post-test 
(should be > 0.6) with a significance of 0.000 (should be < 0.05), which indicate that factor 
analysis was appropriate to use (Table 3.5). 
Table 3.5 KMO and Bartlett’s test of sampling adequacy. 
Tests  Attitude measure Motivation measure 
  Pre-test Post-test Pre-test Post-test 
KMO  .900 .909 .952 0.957 
Bartlett’s sphericity Approx. Chi squared 5528.572 4493.232 6545.262 5715.554 
 Sig. 0.000 0.000 0.000 0.000 
 
To identify the number of dimensions/scales underlying within a series of items for 
the attitude and motivation measures, factor extraction was used to determine the 
interrelationship among the items. A factor extraction technique used in this study was 
principle axis factoring analysis with oblique Promax rotation, since data violated the 
assumption of multivariate normality (Costello & Osborne, 2005) . More importantly, it 
creates a more accurate and more explicit pattern of results in exploratory factor analysis 
(Osborne, 2015). Three factors were extracted within a set of attitude items and two factors 
were extracted within a set of motivation items, with eigenvalues > 1. According to attitude 
measurement scales, factor analysis showed that each of two items within the scales of 
Personal feelings, and Future participation were transferred to each other, which appear in 
Table 3.6 in italics, except in Perceived value. However, the number of items in each scale 
and the number of factors/scales was still the same compared with the initial version.  
In the case of motivation measurement scale, two factors (Self-efficacy, and 
Intrinsic motivation) were extracted from 15 items instead of the three initially designed. 
Items that were moved to another scale are shown in italics (Table 3.7). At the final step, 
factor analysis was used again on each of the attitude and motivation scales separately. The 
results showed that each set of scale items was extracted for only one factor which 
confirmed that each of the attitude and motivation scales was unidimensional (Kind et al., 
2007). In other words, all items existed in a particular scale are capable of providing a 
measure to identify a particular character or personality trait (Allen & Seaman, 2007; 
Boone & Boone, 2012; Norman, 2010).    
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Table 3.6 Summary of the attitude towards science learning measure before and after actual data were analyzed by exploratory factor analysis. 
Attitude scales                   Initial items                                                                                 Analyzed items                                                               *Notes 
Personal 
feelings  
1. I am interested in science. 1. I am interested in science. O 
4. Participating in science activities is fun. 3. I would like to do more science activities outside school. V 
7. Science is one of my favourite subjects.  4. Participating in science activities is fun. O 
10. Finding out more about science is enjoyable. 9. I would like to learn more about science.  O 
13. I like talking to other people about science. 10. Finding out more about science is enjoyable. O 
    
Perceived 
value   
2. Science is involved with everything around me. 2. Science is involved with everything around me. O 
5. Science is helpful in understanding today’s world. 5. Science is helpful in understanding today’s world. M 
8. Science discoveries help people live better. 8. Science discoveries help people live better. M 
11. Science is of great importance to a country’s  
      development. 
11. Science is of great importance to a country’s  
      development. 
O 
14. People should understand science because it is one of  
      the important parts of their lives. 
14. People should understand science because it is one of the  
      important parts of their lives. 
M 
    
Future 
participation  
3. I would like to do more science activities outside school. 6. I would like to study in science in a higher education.  M 
6. I would like to study in science in a higher education.  7. Science is one of my favourite subjects.  V 
9. I would like to learn more about science.  12. I would like to work in science-related career in the future. M 
12. I would like to work in science-related career in the future. 13. I like talking to other people about science. V 
15. I would like to be a scientist.  15. I would like to be a scientist.  M 
N.B.: Items were written by the authors (O: Original) or taken from previously published research (V: Verbatim or M: Modified) 











N.B.: Items were written by the authors (O: Original) or taken from previously published research (V: Verbatim or M: Modified) 
          Verbatim items 1, 6, 7, 9, 13 (Glynn, et al., 2011); 3, 12 (Tuan et. al., 2005)   
Table 3.7 Summary of the motivation towards science learning measures before and after actual data was analyzed by exploratory factor analysis. 
 
Motivation scales                                       Initial items                                                             Analyzed items                                                             *Note 
Self-efficacy  2. Getting to know more about science makes me feel more  
    confident about studying science in the future. 
1. I enjoy learning about science. M 
5. I can find out more about science by myself. 3. I try hard to understand difficult science concepts. M 
8. I am confident about studying science in my education. 5. I can find out more about science by myself. O 
11. I can explain many things around me with science. 6. I put adequate effort into learning science. M 
14. I can see that participating in the Science Caravan  
      activity can help me understand more about science. 
8. I am confident about studying science in my education. O 
 9. I employ different approaches that ensure I learn science well. M 
 11. I can explain many things around me with science. O 
 12. If I find science content difficult, I make an effort to  




1. I enjoy learning about science. 
2. Getting to know more about science makes me feel more  
     confident about studying science in the future. 
O 
4. I’d like to know how science is relevant to everyday life. 4.  I’d like to know how science is relevant to everyday life. O 
7. I am curious about discoveries in science. 7. I am curious about discoveries in science. M 
10. Getting to know more about science is exciting to me. 10. Getting to know more about science is exciting to me. O 
13. Learning science is interesting. 13. Learning science is interesting. V 
 14. I can see that participating in the Science Caravan  
      activity can help me understand more about science. 
O 
 15. To understand science, I usually connect it to previous  




3. I try hard to understand difficult science concepts. 
6. I put adequate effort into learning science. 
9. I employ different approaches to ensure I learn science well. 
12. If I find science content difficult, I make an effort to  
      understand it. 
15. To understand science, I usually connect it to previous  
      experiences. 
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After considering the existing items in each factor of motivation measurement scale, 
I decided to collapse the scale of “Self-determination” for three reasons. Firstly, the Self-
determination Theory can be distinguished by intrinsic and extrinsic motivation (Deci, & 
Ryan, 1985). In case of learning in a free-choice environmental setting, intrinsic motivation 
plays a major role in encouraging visitors themselves to interact with the activities, even in 
the absence of extrinsic motivation or external rewards (Csikszentmihalyi & Hemanson, 
1995; Reeve & Nix, 1997). Secondly, all items that were adopted from an inventory in the 
dimension of Self-determination are more likely to measure the motivation of studying 
science-related subjects at school or university, not in a free-choice learning environment. 
Thirdly, in terms of the results from a factor analysis, all of the initial items of the Self-
determination’s scale are loading on the other two scales with a low to moderate factor 
loading when they are compared with the other items within the same scale. Besides, the 
majority of items existed in the two scales (Intrinsic motivation and Self-efficacy) are 
remaining in the same scale. In addition, particularly in this study, the clustered items 
within each scale which showed the highest loading values were taken into consideration 
for the identification of a scale based on theoretical/or psychological construct (Table 3.8, 
3.9). Therefore, the nomenclature of the scales was not only based on what items exist in 
the same group and the majority of remaining items in the same group after the factor 
analysis, but also the conceptual meaning (Mazas et al., 2013).   
In this study, exploratory factor analysis was used in both pre-test and post-test of 
attitude and motivation measures separately to examine the stability of the instrument by 
examining whether a series of items remain the same in each of the scales. The results 
revealed that each of the items was grouped into the same scale in both pre-test and post-
test, which suggest the stability of the instrument used in this study. The procedure of 








Table 3.8 Factor loading of items in the attitude measure. 
Attitude towards science learning 
Scale items             Factor Loading 
Personal feelings       Pre-test           Post-test 
Participating in science activities is fun.     0.752  0.726 
I would like to do more science activities outside school.  0.633  0.701 
Finding out more about science is enjoyable.     0.570  0.556 
I am interested in science.        0.561  0.530 
I would like to learn more about science.     0.513  0.371 
Perceived value  
Science is of great importance to a country’s development.   0.756  0.819 
Science discoveries help people live better.    0.696  0.651 
People should understand science because it is one of the   0.640  0.493
 important parts of their lives.  
Science is involved with everything around me.    0.528  0.566 
Science is helpful in understanding today’s world.   0.391  0.482 
Future participation  
I would like to work in science-related career in the future.  0.823  0.779 
I would like to be a scientist.      0.775  0.799 
I like talking to other people about science.     0.746  0.741 
Science is one of my favourite subjects.      0.551  0.680 
I would like to study in science in a higher education.   0.516  0.596 
 
Table 3.9 Factor loading of items in the motivation measure. 
Motivation towards science learning 
Scale items             Factor Loading 
Self-efficacy         Pre-test           Post-test 
I am confident about studying science in my education.     0.792  0.695 
I can find out more about science by myself.       0.731  0.731 
I can explain many things around me with science.   0.702  0.840  
I put adequate effort into learning science.    0.639  0.575 
I employ different approaches that ensure I learn science well.      0.638  0.527 
If I find science content difficult, I make an effort to understand it. 0.612  0.451 
I try hard to understand difficult science concepts.   0.577  0.638 
I enjoy learning about science.      0.476  0.504 
Intrinsic motivation 
I can see that participating in the Science Caravan activity can  0.840  0.843 
 help me understand more about science. 
Learning science is interesting.           0.703  0.639 
Getting to know more about science is exciting to me.      0.697  0.712 
I’d like to know how science is relevant to my everyday life.       0.625   0.525 
Getting to know more about science makes me feel more   0.588  0.463 
    confident about studying science in the future.     
To understand science, I usually connect it to previous experiences. 0.547  0.605 
I am curious about discoveries in science.     0.441  0.549 
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Following the procedure described in Ainley & Ainley’s (2011b) study, there were 
six statement items related to an interest construct taken into consideration. From a 
theoretical view based on the person-object theory of interest (Krapp, 2002) and the four-
phase model of interest development (Hidi & Renninger, 2006), three items were adopted 
from the scale of Perception in the value of science, that reflect perceived value of science, 
the other three items were adopted from the scale of Personal feelings about science, that 
reflect a feeling of enjoyment (Table 3.10).  
Table 3.10 The six-embedded item interest measure adopted from the attitude measure.    
 
(2) Internal consistency reliabilities  
Cronbach’s alpha is the most widely employed measure of reliability of an 
instrument (Kind et al., 2007; Tavakol, & Dennick, 2011) and provides a measure of the 
internal consistency of a set of items within the instrument. This describes the degree to 
which all the items in the instrument or the item set are sufficiently correlated (Sullivan & 
Artino, 2013) and measure the same specific construct (Tavakol, & Dennick, 2011; Allen 
& Seaman, 2007). Internal consistency reliabilities were conducted both the pre- and post-
survey again for examining each scale of the attitude and motivation measures after 
determining the unidimensionality of the constructs underlying the attitude and motivation’ 
measures. The Cronbach’s alpha coefficients showed the degree of the internal consistency 
of each scale ranged from 0.71 to 0.89 for pre-test and 0.71 to 0.90 for post-test (Table 3.9), 
which are greater than the minimum required value of Cronbach’s alpha (0.70) and are 
regarded as acceptable (Pallant, 2011; Nunnally, 1978). However, as can be seen on Table 
3.11, the reliability values of Personal feelings and Perceived value were closer to the 
minimum requirement. This indicates that these two scales could be improved in the future. 
 
 
Attitude scales Interest concept-related items 
Personal feelings  1. I am interested in science. 
4. Participating in science activities is fun. 
10. Finding out more about science is enjoyable. 
Perceived value 5. Science is helpful in understanding today’s world. 
11. Science is of great importance to a country’s development. 
14. People should understand science because it is one of the  
      important parts of their lives. 
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Table 3.11 Analysis of Internal consistency reliabilities of attitude measure.  
Scale 
Cronbach alpha coefficient 
Pre-test 
n = 1400 
24 missing cases 
Post-test 
n = 1084 
20 missing cases 
Attitude towards science learning 0.85 0.86 
   Personal feelings  0.74 0.71 
   Perceived value 0.71 0.71 
   Future participation  0.82 0.82 
 
Table 3.12 Analysis of Internal consistency reliabilities of motivation measure. 
Scale 
Cronbach alpha coefficient 
Pre-test 
n = 1400 
24 missing cases 
Post-test 
n = 1084 
20 missing cases 
Motivation towards science learning 0.89 0.90 
   Interest*  0.70 0.71 
   Self-efficacy  0.86 0.86 
   Intrinsic motivation 0.83 0.83 
   N.B.: * embedded scale 
(3) Confirmatory Factor Analysis 
Since the scores of component correlation matrix among attitudes scales (-0.363 - 
0.395) and motivation scales (0.644 - 0.649) were above 0.3, a confirmatory factor analysis 
(CFA) technique was needed to evaluate how well the 15-item attitude measure represented 
the underlying three-scale model (Personal feelings, Perceived value, and Future 
participation), and how well the 15-item motivation measure represented the revised two-
scale model (Self-efficacy, and Intrinsic motivation). CFA is a type of structure equation 
model (SEM) which was used in this study to analyze the relationships among scales to 
evaluate the hypotheses since SEM makes a connection between theoretical concepts and 
empirical research (Bagozzi & Yi, 2012). This technique was also used to test how well the 
five-scale model explained the overall view of experience outcomes derived from Science 
Caravan engagement and to test the interesting hypotheses of this study (see Chapter 1). 
Following the methodology of CFA for research in social science (Brown, 2006), 
multiple criteria based on goodness-of-fit indexes were used to evaluate model fit: the 
comparative fit index (CFI), non-normed fit index or Tucker-Lewis index (TLI), root mean 
square error of approximation (RMSEA), and standardized root mean square residual 
(SRMR). Based on Brown’s (2006) and Bagozzi & Yi’s (2012) reviews, a reasonably good 
fit between the hypotheses model and the observed data is considered when: SRMR < .08; 
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RMSEA < .06; and CFI and TLI between .90 and .95 or greater. All analyses and SEM 
charts were conducted by using SPSS AMOSTM version 24.  
As can be seen in Table 3.13, the underlying three-scale CFA model of attitude 
measure showed an acceptable goodness-of-fit to the pre-test data with all criteria. This 
indicates confirming multidimensionality of the attitude measure. On the contrary, the one-
scale model showed a poor fit with the data. In terms of a motivation measure, both the 
extracted two-scale model and the one-scale model showed a good model fit. In this study, 
however, I chose to use the revised two-scale model to explain the impact of Science 
Caravan engagement since it provided more greater values of all criteria than the one-scale-
model. 
Table 3.13 The results of Goodness -of-fit for CFA model of 15-item attitude and motivation 
measure. 
Measures Models n ꭓ2 df CFI TLI SRMR RMSEA 
Attitude One scale 1399 1146.64 90 0.806 0.774 0.066 0.092 
 Three scales 1399 471.55 82 0.928 0.908 0.040 0.058 
Motivation One scale 1399 398.54 90 0.952 0.944 0.032 0.050 
 Two scales 1399 225.60 83 0.978 0.972 0.025 0.035 
 
Development of the scales to measure attitude towards science aligned with the 
fundamental principles of psychometrics as pointed out by Kind et al. (2007) and Gardner 
(1996). Exploratory factor analysis indicated that the set of 15 items contained in an attitude 
measure used in this research examined three different constructs of attitude towards 
science learning and is a valid and reliable instrument with sufficient unidimensionality and 
therefore statistical internal consistency. Even though the results of factor analyses showed 
that the scales were extracted in the way this study intended, the scales were somewhat 
related to each other (r > .3). This could be the weakness of the measure which in this case 
perhaps result from use of a low number of items in the instrument to avoid overloading 
student participants with a lengthy questionnaire. Dissatisfaction with surveys can 
influence participation and in turn influence survey results (Kind et al., 2007).  
The confirmatory factor analysis showed that the three specified-scale measure 
model is a more acceptable and more accurate explanation of the observed data obtained 
from the set of 15 attitude items than the one-scale measure model which is confirming the 
multidimensionality of the measure (Table 3.13). In accordance with the theoretical 
framework employed to design the instrument of attitude’ measurement in this study, the 
instrument was used to assess three different constructs of attitude towards science learning 
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to a certain extent on the basis of the main three elements of attitude definition given by 
Fazio & Olson (2003).  
3.5.2.6 Analyzing data 
The parametric analysis was chosen to measure data derived from Likert scales in 
relation to attitude’ and motivation’s measurement because the importance of the empirical 
evidence of studies on the nature of Likert scales have shown that the Likert scale 
questionnaire produces interval data (Carifio, & Perla, 2008). Therefore, data analysis of 
the rating score generated from Likert scales is absolutely appropriate to describe using 
means and standard deviations. Furthermore, parametric statistical techniques can be 
suitably used with Likert scale data, for instance, T-test, Pearson correlation coefficients, 
Analysis of Variance (ANOVA), multiple regression (Allen & Seaman, 2007; Boone & 
Boone, 2012; Carifio & Perla, 2008; Sullivan & Artino, 2013). It is because “parametric 
tests tend to give the right answer even when statistical assumptions - such as a normal 
distribution of data - are violated” (Norman, 2010). Nonetheless, Sullivan & Artino (2013, 
p. 1) argued that:  
When conducting research, we measure data from a sample of the total 
population of interest, not from all members of the population. Parametric 
tests make assumptions about the underlying population from which the 
research data have been obtained-usually that these population data are 
normally distributed. 
In summary, the sampling distribution of means needs to be normal, not the sample 
itself (Field, 2013). Therefore, the data obtained in this study were assumed to be normally 
distributed because of the large sample size (see Appendix C1) collected from Science 
Caravan visitors across the country.  
To determine differences in the scales scores of attitudes and motivation towards 
science learning between the pretest and posttest responses, the independent sample t-test 
was used instead of the dependent sample t-test. There was a limitation to collecting 
participants’ responses to match the pre- and the post-questionnaire results from the same 
respondents occurred in this study (see section 7.3), a large proportion of the respondents 
were not measured twice which violates the assumption of repeated measures design. 
Consequently, while the pre-test and the post-test respondents were not the same group, 
there was some overlap. To overcome this statistical concern, a large sample size was used 
to aggregate pre and post respondents to compensate for the variability, maximize the 
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generalizability of study’s results in order to decrease the margin of error and get more 
precise confident interval and to increase the chance of detecting the differences between 
the group compared. These increased the power of statistical tests (Pallant, 2011) since this 
study used tests, particularly parametric tests such as Independent Sample t-test and 
Analysis of Variance, that appropriately identify whether there are differences between the 
pre- and the post-test. 
 According to Estrada et al., (2019)’s study, however, the average-based change 
statistics and the individual-based change statistics are closely related. They stated that “the 
larger the displacement of distribution center, the higher the percentage of reliable 
individual changes” (Estrada et al., 2019, p. 2). Hence, this study considered the magnitude 
of changes in distribution center between the pre- and the post responses (i.e. effect size).    
A two-way between groups analysis of variance was conducted to explore the 
significantly different impact of participation in the Science Caravan activity, gender, and 
levels of education on attitude and motivation. A direct logistic regression was performed 
to assess the effect of engaging within the Science Caravan activities and predict the 
likelihood that they would report a particular type of learning behaviour themselves. 
Multiple regression was conducted using the analysis technique of structure equation 
modelling (SEM) to determine the interrelationships among variables.    
3.5.3 Interview            
Semi-structured interviews questions design 
 The interview was designed to explore underlying attitude and motivation towards 
science learning particularly in a free-choice learning environment, and latent factors 
influencing students’ learning behaviour while engaging in the Science Caravan activities 
as well as potential learning outcomes. Questions of the interviews were not aimed at 
answering a research question. Instead, it was hoped to explore visitor rationale for the 
learning behaviours observed in the exhibition space. The answers for the 10-interview 
questions designed can potentially infer to cognitive learning, extrinsic motivation, social 
interactions while engaging with the interactive science exhibits, perceptions of values and 
perspectives on the Science Caravan. In addition, some of those answers can be used to 
support and explain the reasons for the findings of the pre-/post questionnaire-based 
surveys and the observation of students’ behaviour.  
 The pilot study to test the applicability of the interview questions was conducted at 
the first venue of the Science Caravan in the second academic year 2017 (7th to 10th of 
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November). Ten high school students were interviewed, and their answers were recorded 
by an audio recorder. The results of the pilot study revealed that questions intentionally 
designed for obtaining recall-related answers about science exhibits were not appropriate 
for this study. For example, the questions asking students to specify a singular exhibit they 
engaged with and why they spent more time with it than the others in the exhibition space, 
was difficult to recall because there were three sets of exhibitions with over 70 interactive 
exhibits in the exhibition space. Hence, there were eight interview questions used in this 
study (see Appendix B6). 
 Interviews were transcribed, retaining frequent repetitions.  Content analysis was 
used to analyse the answers from open-ended questions (Daniel & Harland, 2018). This 
involved the identification of keywords in the text of the answers. The keywords were 
counted and summarised. Unfortunately, there were issues in data collection due to students 
being self-conscious in front of their peers and many participants cut their interviews short. 
This precluded collection of as much useful data as was hoped and is discussed in the 
section 7.3.2 Limitations. For example, the responses of the interview question “Has your 
participating in the Science Caravan activity been a valuable experience for you? If yes, in 
what way(s)?” were one hundred percent “yes” without further explanation or details. 
However, answers from some interview questions may be useful to complement further 
discussions and are presented in Appendix C6.   
3.5.4 Recruitment of research participants and data collection  
The present research was inspected and approved by the Human Research Ethics 
Committee of the University of Otago, New Zealand (Ref: 17/115, Appendix A1).  
The data presented in this study were collected as part of an evaluation of the NSM 
Science Caravan as a mobile science museum, operated on behalf of National Science 
Museum (NSM) Thailand to regional communities across the country.  In the last three 
years, approximately 100,000 school students participated in Science Caravan each 
semester, of which 50% were primary school students (Year 4 to Year 6) 8 – 11 years old, 
48% were high school students (Year 7 to Year 12) 12 – 18 years old, and 2% were primary 
school students under Year 4, kindergarten as well as teachers. The target subjects of this 
study were high school students. The minimum requirement of sample size for a 
quantitative approach in this study was calculated to be 655 participants (see Appendix C1). 
However, the greater sample size, the more accurate and generalizable the result. 
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3.5.4.1 Direct observation 
For this study, the sample consisted of 589 visitors to the exhibition space at Science 
Caravan, aged 12 - 18 years; they were high school students from junior grade 7 - 9 and 
senior grade 10 - 12.  Most of the Science Caravan visitors are either primary school 
students (52%) or high school students (48%); they can be visually distinguished into three 
groups based on their school uniforms:  i)  primary school students, ii)  junior high school 
students, and iii)  senior high school students.  Therefore, I was able to record education 
levels and gender of participants without intervention (Table 3.15). The data were collected 
entirely by me, as described in more detail in a section below.  
The primary method of data collection was unobtrusive observation which was 
applied during data collection at all times. An observational design approach was adopted 
in which my role was a ‘ complete observer’ , as the participants were unaware they were 
being observed (Robson, 2011), with me blending into the NSM staff and explainers while 
observing. The data were collected over a period of 12 weeks occurring between November 
2016 and February 2017. The observations were focused specifically on individual visitors’ 
engagement with interactive science exhibits in the exhibition space at Science Caravan. 
As the first step, therefore, each exhibit category was randomly selected and then 
observations were made at exhibits in the same category. This sampling method was 
conducted in order to make an ordered list of all available exhibits on the data sheet for 
each venue. 
I self-positioned in the area that enabled me to observe target visitors (subjects) 
explicitly in an unobtrusive manner of uninterrupted natural behaviour as the subjects were 
unaware that they were being observed in any way. The target visitors were selected based 
on systematic sampling wherein every respective fifth high school student who engaged 
with the selected exhibit was sampled. The first visitor to engage with the selected exhibit 
was observed until that first visitor left the exhibit, then the next-fifth high school student 
who interacted with the exhibit was observed. The observations at each selected exhibit 
would last for 15 minutes, and then I moved to the next exhibit in the ordered list.  
Sampling began once the exhibition space was opened at 0830 hrs. I started 
recording when the subject who matched the preselected criteria engaged with the selected 
exhibit with any behaviour which is described in the modified Visitor – Based Learning 
Framework (Table 3.2)  and stopped recording when they moved along to another exhibit. 
As the subject interacted with the selected exhibit, I recorded any cases of engagement 
levels and learning behaviour that had been arranged in a checklist (Appendix B5). Even if 
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the subject displayed a behaviour repeatedly, it was recorded only once.  However, the 
manifest behaviour would be remarked on the data sheet.  Qualitative data were generated 
from observational notes that accumulated by focusing on gender, educational stages 
(junior/senior high school student), being alone or with their peers, and also on interaction 
between the target visitors and explainers or their peers.  The qualitative data were used to 
contextualize the quantitative results in order to provide a better understanding of a visitors’ 
learning behaviour.  In total, 589 high school students were observed while engaging with 
exhibits. The distribution of visitors with respect to gender, and education levels are 
presented in Table 3.14.   
Table 3.14 Demographic features of visitors observed in the Science Caravan exhibition space. 
 Grades  
 Junior Senior Total 
  N Per cent N Per cent N Per cent 
Gender Male 167 28.4 77 13.0 244 41.4 
 Female 211 35.8 134 22.8 345 58.6 
 Total 378 64.2 211 35.8 589 100.0 
 
3.5.4.2 Questionnaire-based surveys 
To measure changes in students’ attitude towards science learning as a result of 
participation in Science Caravan, pre-test/post-test design was used to analyze the 
difference between before and after attending the intervention (Dimitrov & Rumrill, 2003). 
Two sampling methods were employed in this study which combined purposive sampling 
with convenience sampling.  School principals were invited to participate in Science 
Caravan. If they accepted, the number and educational levels of school students, teachers 
and date of attendance were provided to NSM head office at least one month before the 
visit.  A list of schools with the details of each particular date of the event was shared with 
me. A purposive sampling was applied specifically for high schools and all in the list were 
chosen, and then the procedure of convenience sampling was conducted on-site by me 
together with teachers and NSM staff. Since all levels of a secondary education were the 
target population, I asked teachers to randomly select a sample of students from each 
education level as much as possible.   
When participants came to the venue, they first registered at the registration desk. 
Registration took approximately ten minutes which included giving information about the 
study in the event.  After that, the target participants were chosen following the sampling 
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method protocol. Purposive and convenience sampling were employed in all venues 
because a) a large sample size was required for the present study, and b) it was not possible 
to employ a random sampling in the crowded situations with time constraints of teachers 
busy with on-site registrations. The students who completed the pre-test were asked to 
complete a post-test survey voluntarily before leaving the venue. If applicable, teachers 
were asked to bring or remind their students to complete the post-test survey before 
returning to school.  
Unfortunately, approximately two third of the pre-test subjects did not complete the 
post-test. Even though, several attempts were made to overcome the difficulty, none was 
successful. For example, I created a blank space on the questionnaire to allow respondents 
to fill in their names so that I could match pre- and post-test responses. However, this was 
more time consuming than expected. It might be because students in rural communities are 
not familiar with using a computer keyboard or a keyboard on a tablet. Another attempt 
was that I put stickers on the respondents who completed the pre-test survey and told them 
that “when you come back to me with these stickers to complete the post-test survey, I will 
give you a pen” which is one of the Science Caravan souvenirs. However, this incentive 
did not work well.  
From my perspective, there were several possible causes of the failure of matching 
the pre-test with the post-test respondents: i) due to time constraint and travel, students 
might not want to waste their time to complete the post-test survey since they would 
probably want to make the most of every second to enjoy with activities or their peers till 
the last second, ii) at many Science Caravan venues, each activity was located quite distant 
from the exhibition space. It might not be worth the effort for students to come back to 
complete the post-test survey since they might not want to get back to schools late or miss 
a bus, and iii) teachers are a significant factor in this case since students need to ask for a 
permission from their teachers to spend extra time for completing the survey, meanwhile 
they are about to get back to schools. Therefore, purposive sampling was employed with 
high school students who were at the assembly point located in the Science Caravan venue, 
waiting for transport to go back to schools.     
Participants completed the survey instrument on-site, with N = 1,424 for pre-test, 
and N = 1,104 for post-test. Students were selected by their teachers and asked to complete 
a brief survey before and after participating in Science Caravan activities. In this study, the 
questionnaire-based survey was administered as an electronic version that operated on 
Qualtrics web-based software and then applied to Qualtrics Offline Surveys application 
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version 1.4.05 for data collection on site. The application was installed on 15 computer 
tablets. The collected survey data were exported into IBM SPSS Statistic 24 software, for 
analysis.  
The data were collected throughout 12 weeks between November 2016 and 
February 2017. There were approximately 75,000 school students from over 80 educational 
institutions in all five regions of Thailand participating in Science Caravan. In total, 1,424 
high school students contributed to the pre-test survey, and 1,104 high school students 
contributed to the post-test survey. The distribution of participants with respect to gender, 
and education levels are presented in Table 3.15.   
 
Table 3.15 Demographic characteristics of participants contributed in the surveys.  
  Pre-test Post-test 
  n Per cent n Per cent 
Gender Male 465 33.2 379 34.9 
 Female 935 66.8 708 65.1 
Education  Junior 988 70.6 792 72.9 
levels Senior 416 29.6 295 27.1 
  
Additional data collection 
To explore the inclination of a long-term impact of Science Caravan engagement, 
the online post-test survey was posted on the official Facebook page of NSM Science 
Caravan during July 2018 - February 2019. The online post-test is composed of the same 
questions as the post-test used to collect the data on-site, except for the question “When 
was the last time you participated in Science Caravan?” In this case, a snowball sampling 
technique was used to survey this target group of participants. They were asked to 
voluntarily complete the survey and if they could share or suggest their peers who might 
be appropriate for the survey (Daniel & Harland, 2018). However, it is noted that the data 
obtained from the online post-test survey were only used to complement the present study, 
rather than to examine any changes significantly in visitors’ attitude towards science 
learning.  
In total, 196 respondents contributed to the online post-test survey, of which 148 
completed the survey. The distribution of respondents with respect to the length of time 
between Science Caravan participation and completion of the online post-test survey are 







Table 3.16 Demographic characteristics of participants contributed in the online post-test surveys.  
The length of time n Per cent 
Two weeks 32 21.6 
A month  38 25.7 
Six - 12 months 25 16.9 
Over a year 53 35.8 
 
3.5.4.3 Interview 
  Based on the typology of interviewer position described by Kvale and Brinkmann 
(2015), I as an interviewer was positioned as the pollster which aims to obtain subjects’ 
opinions, attitude, and experiences. A purposive sampling technique was applied to choose 
interviewees, high school students 12-18 years of age, who attended the activities in the 
Science Caravan at least three out of six activities which one of those three activities must 
be interactive science exhibits. To do this, I did not need to ask students directly; it could 
be checked from the NSM staff who were holding the records of school groups participating 
in the exact activities at that moment. After that, a quota sampling was applied to ensure 
that interviewees were representative of genders and grades from different institutions.   
The interviewees were asked to voluntarily participate in the interviews while they 
were at the assembly point waiting for transport to get them back to a school. The 
conversation between the interviewer and the interviewee was recorded using an audio 
recorder.  Each interview lasted approximately five minutes. For this study, I found that 
approximately 53 per cent of students decided to participate in the interviews at the 
beginning but stopped or refused to be interviewed afterwards because they were shy of 
being recorded during the interview. In total, 43 high school students from four provinces 
in the two regions were interviewed and audio recorded. 
Table 3.17 Summary of methods used, recruitment of research subjects, and sample size of the 
research. 
 
Methods of data collection Sampling methods Sample size (N) 
Pre-questionnaire Purposive sampling 1,424 
Post-questionnaire Purposive sampling 1,104 
Observation Stratified sampling    589 




A large proportion of participants who completed the pre-test survey were 
observable in the exhibition space while the observation was performed. In addition, almost 
all of the student interviewees had engaged with interactive exhibits in the exhibition space. 
Therefore, the subject samples of each method in this study were related.  
 
3.6 Ethical considerations 
The National Science Museum Thailand (NSM) supported this research (see 
attached supporting letter, Appendix A6) and informed schools who participated in the 
NSM Science Caravan that the research was undertaken as part of a Science Caravan tour. 
The tours were scheduled by NSM staff, working with target educational institutions in all 
regions of Thailand. An advertising package was sent from NSM together with an invitation 
form, an information sheet and a consent form to school principals. Once the principal 
agreed for their school students to participate in the Science Caravan, students were 
recruited and arranged by the principal or a delegate of the principal at the school.  
The school groups who decided to attend the Science Caravan, including the date 
of attendance was informed back to NSM head office at least one month beforehand and 
included a signed consent form from the school principal on behalf of the school 
community. This is standard practice for school excursions in Thailand, and it is not 
customary to require parental consent when the excursion is to a place located in the same 
province the school.  
Students on-site were advised that their participation was voluntary and that there 
was no penalty if they chose not to participate in the research. In cases when a consent form 
had not been returned with an accepting invitation form, the principal or a head teacher 
who was responsible for the school field trip to Science Caravan had authority to sign a 
consent form on behalf of the school community on-site, before the students participated.   
3.6.1 Direct observation of visitors’ behaviour 
To ensure that visitors were informed and allow them to make a decision on whether 
or not they decide to participate in being observed while they are engaging with the exhibits 
in the exhibition space of Science Caravan, protocols and procedures developed and 
published by Sindorf et al. ( 2014)  were adopted in this study.  However, instead of using 
the audio – and video-taping method, as documented in a study conducted by Sindorf et al. 
(2015), I employed an unobtrusive observation for data collection. Teachers were informed 
about the observations at registration and provided permission for their students to be 
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observed. The detailed posted-sign method showed the advantages of using implied consent 
by posting a sign “You are being observed at exhibits in this exhibition space.” at the 
entrance of a research site (the exhibition space of Science Caravan) indicating that 
research was occurring in a particular area (Gutwill, 2003). 
3.6.2 Questionnaire-based surveys 
In this study, the questionnaire-based survey was designed as an electronic version 
that operated on Qualtrics web-based software and then applied to QualtricsXM Offline 
Surveys application for data collection on-site. The application was installed on 15 
computer tablets that were supported by NSM Thailand.  
Since I was given consent from teachers allowing their students to participate in the 
pre-/post questionnaires, students were usually recruited by their teachers using the 
protocol of sampling described above. Students as research participants were given brief 
information about the aims of the research, and instruction on how to complete a 
questionnaire on a computer tablet provided. Concerning the ethical issues that 
“participation in research must be voluntary, without coercion or manipulation” (Robson, 
2011, p. 216), the information sheet and the consent form were provided again on the first 
page of the questionnaire. Hence, the recruited students had the right to decide to participate 
in or not by giving a consent either “Yes, I agree to take part” or “No, I decide to not take 
part” without being noticed or pressured from anyone.    
3.6.3 Interviews 
 Once head teachers gave consent and the sampling protocol was applied, recruited 
students were allowed to give their personal consent, as a verbal consent, agreeing to take 
part in the interview. Hence, each student’s verbal assent was clearly recorded at the 
beginning of the audio-recorded interviews before proceeding with asking questions. 
3.7 Summary 
 This study examines potential outcomes of learning experiences students derived 
from participation in the Science Caravan programme. The research also paid attention to 
the interactions between the contexts of the Science Caravan setting, as a free-choice 
learning environment, and students’ perspectives about science, which influence students’ 
attitude and motivation towards science learning.  
A critical realism, convergent parallel mixed methods design was employed to 
address the research questions. To examine impact of participation, three methods of data 
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collection were employed: pre- and post-visit surveys, unobtrusive observations and semi-
structured interviews, of high school students.  Attitude and motivation measures were 
designed and developed to achieve the quality of the psychological measurement in terms 
of reliability and validity of the research instrument.  Unobtrusive observations were made 
of students’ learning behaviour while they were engaging with interactive science exhibits. 
The visitors’ engagement level and learning behaviour observation categories are based on 
the Visitor Based Learning Framework (VBLF) (Barriault & Pearson, 2010). These data 
were triangulated by conducting semi-structured interviews, which aimed to gain insight 
into students’ perceptions of their experiences with the programme, including the value of 
participation, personal interest, attitude and motivation toward free-choice science learning 
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This chapter addresses research question 1: ‘Do school students manifest learning 
behaviours when they engage with interactive exhibits at Science Caravan?’; and 2 ‘What 
characteristics of Science Caravan exhibits correspond with increased engagement and 
learning behaviours?’ using data collection methods described in Section 3.5.1. This 
chapter examines visitor behaviours while engaging with interactive exhibits existing in the 
exhibition space of Science Caravan by using an adaptation of the Visitor Engagement 
Framework (Barriault & Pearson, 2010), consisting of three levels of learning behaviours 
(see Table 3.2). These three hierarchical levels are Initiation, Transition, and Breakthrough. 
The following sections present results from observations of visitors and describe the three 
levels of learning-related engagement behaviours in relation to gender, education level, 
number of visitors per group visit, and categories and characteristics of the exhibits.   
4.2 Visitor behaviours and potential learning-related engagement  
Data were collected through observing and recording, using the Visitor Engagement 
Framework (see section 3.5.3) for coding visitor learning behaviours while they engaged 
with interactive exhibits.  
4.2.1 Overall result 
Data from observations of 589 students’ interactions on-site were analysed 
according to those who reached each level of learning behaviour (Initiation, Transition, and 
Breakthrough). This count reflects the overt behaviour-related indicators within each level 
that the visitor manifested while being observed, without considering behaviours within the 
other levels of learning behaviour. Therefore, the frequency of observed visitors’ behaviour 
shown were counted at each level separately. The overall finding showed that all observed 
students reached the Initiation level of learning behaviour (100%). Three-fourths of 
observed students (76%) reached the Transition level, and nearly one-third of the observed 
students (30%) reached the Breakthrough level. 
Each level of learning behaviour can be further examined for activities as a 
behaviour-related indicator within the level. Visitors sometimes displayed more than one 
characteristic within each level of learning behaviour; as a result, the individual 
observations exceed the total number of samples.  For example, 29% of the visitors were 




Table 4.1 Frequency of manifested learning behaviours and percentage of total visitors who 
manifested that behaviour (N = 589) 
Learning behaviour Frequency Overall % 
Initiation 589 100.0 
1 Observing others 179   30.4 
2 Doing activity 578   98.1 
Both 1 & 2 169   28.7 
   
Transition 445   75.6 
3 Repeating the activity 375   63.7 
4 Positive emotional response 278   47.2 
Both 3 & 4 208   35.3 
   
Breakthrough 175   29.7 
5 Seeking/Sharing 
information 
168   28.5 
6 Engaged/Involved   13     2.2 
Both 5 & 6    6     1.0 
 
Another way to look at the pattern of the Visitor Engagement Profile is to divide 
observed visitors according to the highest level each visitor reached. This counts only the 
number of observed visitors who engaged at the Initiation level without advancing to a 
higher level of learning behaviours, those who engaged at the Transition level without 
advancing, and those visitors who engaged at the highest Breakthrough level with the 
exhibit. Figure 6.1 illustrates the Visitor Engagement Profile for the highest level of 
interaction with science exhibits in Science Caravan. The graph shows the percentage of 
visitors who reached, as a maximum, each level of learning behaviour. Exactly one-fifth of 
observed students (20%) only reached the lowest Initiation level of learning behaviour. 
Half of the visitors engaged at the Transition level (50%) as their highest level of learning 
behaviour and nearly one-third of visitors (30%) reached the Breakthrough level. 
 
Figure 4.1 Percentage of the highest level of learning behaviour reached by students (N = 589). 
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4.2.2 Gender  
The highest level of learning behaviour reached by observed male and female high 
school students (reported as a percentage) who engaged with interactive science exhibits in 
Science caravan is presented in Figure 6.2. The observed high school students were 41% 
male and 59% female. A chi-square test for independence was conducted to determine 
whether there is an association between the levels of learning behaviours and gender of 
visitors. Overall, there appears to be a relationship, with a small effect size, between the 
levels of learning behaviour and gender of visitors, ꭓ 2 (2, N = 589) = 17.84, p < .001, V = 
.17. In other words, the gender of visitors has a small effect on reaching different levels of 
learning behaviour.  
More specifically, the test (with Yates Continuity Correction) indicated that there 
was a significant difference in the proportion of males and females who reached the 
Transition level, ꭓ 2 (1, N = 589) = 11.14, p = .001, Φ = -.14, and the Breakthrough level 
of engagement, ꭓ2 (1, N = 589) = 16.26, p < .001, Φ = .17. However, the relation between 
gender and the Initiation level of learning was not significant, ꭓ 2 (1, N = 589) = .15, p = 
.695, Φ = -.02. This means that the proportion of male high school students who reached 
the Initiation level of learning behaviour was not significantly different from female high 
school students who reached the same level as the highest level reached.  
 
Figure 4.2 Percentage of the highest level of learning behaviour reached by male and female 
students (N = 589). 
In conclusion, male high school students (58%) were more likely than females 
(48%) to reach the Transition level as the highest level of learning behaviour reached. 
Meanwhile, a higher proportion of female high school students (38%) were likely to engage 
in the highest level of Breakthrough learning behaviours than males (22%). However, there 
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was no difference in the proportion of male and female who exhibited the Initiation level 
of learning behaviour as their highest level. 
4.2.3 Education levels 
The highest level of learning behaviour reached by observed junior and senior high 
school students (%) who engaged with interactive science exhibits in the NSM Science 
Caravan is shown in Figure 6.3. Of the high school students who were observed, 64% were 
junior level students and 36% were senior level students. A Chi-square test for 
independence was conducted to determine whether there is an association between the level 
of learning behaviour and level of education of visitors. Overall, there appears to be a 
relationship, with a small effect size, between the levels of learning behaviour and 
educational levels of visitors, ꭓ 2 (2, N = 589) = 22.17, p < .001, V = .21. In other words, 
the educational level of a student has a small effect on which different level of learning 
behaviour is the highest level they reach.   
 
Figure 4.3 Percentage of the highest level of learning behaviour reached by junior and senior 
students (N = 589). 
In detail, statistical testing (with Yates Continuity Correction), there were 
significant relationships between level of education and the Initiation level, ꭓ2 (1, N = 589) 
= 13.10, p < .001, Φ = -.15, and the Breakthrough level, ꭓ2 (1, N = 589) = 19.77, p < .001, 
Φ = .19, which is considered a small effect size. Junior high school students (24%) were 
more likely than senior high school students (12%) to remain at the Initiation level of 
learning behaviour as their highest level of learning. In the meantime, senior high school 
students (43%) were more likely than junior high school students (25%) to reach the 
Breakthrough level as their highest level reached.  
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There was no significant association between levels of education and the Transition 
level of learning behaviour, ꭓ 2 (1, N = 589) = 1.35, p = .246, Φ = -.05. The proportion of 
junior high school students who reached the Transition level of learning behaviour was not 
significantly different from senior high school students who reached the same level as the 
highest level reached.  
4.2.4 Gender of visitors in different education levels  
Figure 4.4 illustrates the highest level of learning behaviour reached by males and 
females in both junior and senior high school levels when engaging with science interactive 
exhibits in the NSM Science Caravan. The observed high school students were 28% junior 
male students, 13% senior males, 36% junior females and 23% senior female students. A 
Chi-square test for independence was conducted to determine whether there is an 
association between the levels of learning behaviour and gender of participants in different 
levels of education. Overall, there appears to be a relationship, with a small effect size, 
between the levels of learning behaviour and gender in different educational levels of 
visitors, ꭓ 2 (6, N = 589) = 42.70, p < .001, V = .19. In other words, the gender of visitors 
in different levels of education had a small effect on the level of learning behaviours that 
visitors reached.   
 
Figure 4.4 Percentage of the highest level of learning behaviour reached by male and female 
students at both junior and senior levels (N = 589). 
More specifically, the test (with Pearson Correction) indicated significant 
differences in the proportion of male and female students in junior and senior-levels who 
reached the different levels of learning behaviour. There was a medium effect size, with 
the Initiation level of learning behaviour, ꭓ 2 (3, N = 589) = 14.84, p = .002, V = .16, the 
Transition level, ꭓ2 (3, N = 589) = 12.76, p = .005, V = .15, and the Breakthrough level, ꭓ2 
(3, N = 589) = 35.26, p < .001, V = .25. 
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Figure 4.4 shows that female senior students were more likely to reach the highest 
level of learning behaviour, with 47% reaching the Breakthrough level. Approximately half 
of the visitors in the other groups reached the Transition level and then moved on to another 
exhibit. Junior male high school students (26%) and senior males (23%) were the most 
likely groups to remain at the Initiation level as their highest level. 
4.3 Levels of engagement and social interactions 
Figure 4.5 presents the highest level of learning behaviour reached by the high 
school students when visiting an exhibit with peers. The composition of observed visitor 
groups was 19% individuals, 41% a group of two people, 25% a group of three people and 
15% a group of more than three people. A Chi-square test for independence was conducted 
to determine whether there is an association between the levels of learning behaviour and 
the number of participants in a group observed interacting with an exhibit. Overall, there is 
a relationship, with a small effect, between the level of learning behaviour and number of 
high school students per group, ꭓ2 (6, N = 589) = 20.32, p = .002, V = .13. In other words, 
the number of peers in a group has a small effect on observable learning behaviours.    
 
Figure 4.5 Percentage of the highest level of learning behaviour reached by students in groups with 
different number of peers (N = 589). 
The test (with Pearson Correction) indicated a significant difference between 
number of participants per group visit to each exhibit who stayed at the Initiation level of 
learning behaviour, ꭓ 2 (3, N = 589) = 17.98, p < .001, V = 0.18, or reached the Transition 
level, ꭓ 2 (3, N = 589) = 11.05, p < .05, V = .14. Visitors with three or more people per 
group were more likely to move from the Initiation level to the Transition level of learning 
behaviour.  
But there was no significant effect of number of visitors per group at the 
Breakthrough level, ꭓ 2 (3, N = 589) = .39, p = .943, V = .03. It seems that visitor(s) who 
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engaged with the exhibits alone or with peers were equally likely to reach the Breakthrough 
level. However, visitors on their own were more likely to just reach the Initiation level and 
then move on to other exhibits without further interaction. In other words, the smaller the 
number of visitors per group, the more likely the visitor would end up at the lower level of 
learning behaviour in the Science Caravan exhibition space, perhaps indicating a more 
superficial experience. In contrast, visitors interacting with the greater number of peer 
group members were more likely to reach the Transition level of learning behaviour. 
Differences in the Breakthrough level of learning behaviour in Figure 4.5 were not 
statistically significant at p < .05. 
4.4 Levels of engagement and content categories of exhibit  
Figure 6.6 shows the highest level of learning behaviour reached at each category 
of science interactive exhibits in the NSM Science Caravan. A Chi-square test for 
independence demonstrates a relationship with a small effect size between the levels of 
learning behaviour and categories of interactive exhibits, ꭓ2 (6, N = 589) = 33.92, p < .001, 
V = .17. In other words, some categories of interactive exhibits in the Science Caravan 
exhibition were more successful at encouraging visitors to reach higher levels of learning 
behaviour.  
 
Figure 4.6 Percentage of the highest level of learning behaviour reached by students at each 
category of exhibit content (N = 589). 
Almost half of the visitors (46%) who interacted with the Mathematics exhibits only 
showed the Initiation behaviours of learning without further interactions. Visitors to all 
categories of exhibits other than Mathematics were most likely to at least reach the 
Transition level. A significant percentage (22 to 41%) of visitors went through to the 
91 
 
Breakthrough level of learning behaviour, with the highest proportion being visitors at the 
Reaction & Sight exhibits.  
A test (with Pearson Correction) indicated significant differences between each 
category of interactive exhibits at the Initiation level of learning behaviour, ꭓ2 (4, N = 589) 
= 30.90, p < .001, V = .23. There was no significant difference between category of exhibit 
at the Transition level, ꭓ 2 (4, N = 589) = 8.91, p = .063, V = .12, and the Breakthrough 
level, ꭓ2 (4, N = 589) = 6.58, p = .160, V = .11. 
4.5 Characteristics of exhibits that encouraged highest learning behaviours  
Different characteristics of interactive science exhibits that encouraged higher 
levels of learning behaviour are shown in Figure 4.7. There were significant effects of type 
of manipulation at the exhibit (one action vs multi-action) and type of phenomenon 
(intuitive vs counter-intuitive) on the proportion of visitors who reached different levels of 
learning behaviours. Characteristics of interactive exhibits in the Science Caravan 
exhibition space had a moderate effect on encouraging visitors to reach different levels of 
learning behaviour; ꭓ2 (6, N = 589) = 61.80, p < .001, V = .23.  
 
Figure 4.7 Percentage of the highest level of learning behaviour reached by students at each type 
of exhibit (N = 589). 
Students at exhibits with different types of manipulation were more or less likely to 
demonstrate different levels of learning behaviours, (with Pearson Correction), ꭓ 2 (2, N = 
589) = 17.18, p < .001, V = .17. Similarly there was a significant effect of an exhibit’s type 
of phenomena on level of learning behaviour of visitors, ꭓ2 (2, N = 589) = 18.45, p < .001, 
V = .18.  
There were significant differences among the proportion of observed high school 
students who reached the Initiation level of learning behaviour as the highest level reached 
and the exhibit’s type of manipulation and phenomena in the Science Caravan, (with Yates 
Continuity Correction) which indicates a significant association between the types of 
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manipulation and the Initiation level of learning behaviour, ꭓ 2 (1, N = 589) = 11.91, p = 
.001, Φ = .21. There were also significant differences among the proportion of observed 
high school students who reached the Breakthrough level, ꭓ2 (1, N = 589) = 6.95, p = .008, 
Φ = .11. But there was no significant relationship between exhibit type and the proportion 
of students who reached the Transition level, ꭓ2 (1, N = 589) = 0.19, p = .661, Φ = .02.  
In addition, the test (with Yates Continuity Correction) indicated significant 
association between the types of phenomena and the Initiation level of learning behaviour, 
ꭓ2 (1, N = 589) = 11.13, p = .001, Φ = -.14, and the Breakthrough level, ꭓ2 (1, N = 589) = 
11.94, p = .001, Φ = .15, but no significant relationship with the Transition level, ꭓ2 (1, N 
= 589) = 0.21, p = .647, Φ = -.02. This means that there were significant differences among 
the proportion of observed high school students who reached the Initiation and 
Breakthrough level of learning behaviour and the exhibits with different types of 
manipulation and exhibits with presenting different phenomena in the Science Caravan 
(see Figure 4.7).   
When multiple features of each type of exhibit were taken into consideration, there 
was an effect of features of interactivity on visitor demonstration of different levels of 
learning behaviour (Figure 6.8). The test (with Pearson Correction) indicated significant 
association between all types of exhibits’ characteristics in the framework and the Initiation 
level of learning behaviour, ꭓ 2 (3, N = 589) = 44.32, p < .001, V < .27, and the Transition 
level, ꭓ2 (3, N = 589) = 8.44, p < .05, V < .12, and the Breakthrough level, ꭓ2 (3, N = 589) 
= 24.21, p < .001, V = .20.  
 
Figure 4.8 Highest level of learning behaviours reached at each exhibit type with different 




This study explores visitor engagement with interactive science exhibits in Science 
Caravan outlined under the Visitor Engagement Framework based on observations of 
visitor interaction with the exhibits. One of the challenges of museum professionals when 
designing learning experiences to improve science experiences and understanding is to 
consider the variety of visitor characteristics; this is especially challenging for design 
intended to stimulate from visitor-exhibit interaction (Schwan et al., 2014). This study helps 
understand patterns of visitors’ learning behaviours and the levels of visitor-exhibit 
interactions with different types of interactive exhibits. 
In both in- and out-of-school learning settings, engagement often involves learners’ 
active participation in given activities (Renninger & Bachrach, 2015), which is strongly 
connected to positive learning outcomes (Sinatra et al., 2015). In this study, almost all 
observed visitors (98%) actively engaged with interactive exhibits at the NSM Science 
Caravan, at least until the scientific phenomenon illustrated by the exhibit was shown 
(Initiation level of learning behaviour). Four-fifths of observed visitors continued their 
interactions with the exhibit and engaged in higher levels of learning behaviour. These 
results support the notion that interactivity is an invaluable aspect of exhibition experiences, 
effective for enabling active visitor engagement (Falk et al., 2004), and a key feature in the 
visitor’s learning process (Wolf, 1985, cited in Boisvert & Slez, 1994).  
Initiation learning behaviours could conceivably be considered solely behavioural 
engagement and might not be a robust indicator that cognitive learning occurred, since 
students could be physically engaged with the exhibits or activities without being 
cognitively engaged (Schreiber et al., 2013). However, using modified subcategories of 
Initiation behaviors such as completing the activity or until the phenomenon was 
demonstrated (see Table 3.11) provides greater confidence that visitors gained at least some 
amount of information or recall of scientific phenomena through their interaction with the 
exhibits (in)directly, even though they merely ended up at the Initiation level.  
It is generally accepted that freedom of choice increases students’ interest and levels 
of task engagement. School children who engage with an exhibit and are not able to 
understand the content or relate their prior experience with part of an exhibit may well leave 
it and simply move on to another exhibit (Falk & Dierking, 2010; Serrell, 2010), especially 
when there are exciting alternatives existing in the setting. This is the case in Science 
Caravan as there were many options for visiting students to spend time at exhibits that were 
of interest. As school children visiting a temporary exhibition space have time constraints 
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and limited focused attention, they are most likely to choose to actively and deeply engage 
with experiences or activities that are novel or provide enjoyment and satisfy their interests 
and curiosity (Rounds, 2004).   
This study indicated that the highest learning behaviour most Science Caravan 
visitors reached was the Transition behaviour, which involved repeating the activity and/or 
expressing a positive emotional response. From a visitor perspective, it seems that school 
students aim for a specific learning experience while interacting with exhibits. Packer 
(2006) describes this as “learning for fun”, engaging with the exhibits because the visitor 
enjoys the process of learning. The construct of “learning for fun” contains a combination 
of discovery, exploration, intrinsic motivation, and excitement, which can be observed from 
visitors’ expressions on the experience of learning in free-choice environments (Packer, 
2006). In that sense, Transition behaviours might provide a reasonable indication of 
affective learning outcomes, which involve positive feelings, enjoyment, appreciation 
(Dohn, 2011), increased interest, and stimulating curiosity (DeWitt & Storksdieck, 2008).  
This finding that most visitors reached at least the Transition learning behaviour 
aligns with findings from other studies. Rounds (2004) reported that a common goal of 
visitors during museum visits involves intrinsic motivation in relation to their interests, and 
the value of the visit includes the learning process itself. Most visitors to the exhibition 
space of Science Caravan were able to engage behaviorally and emotionally with the 
interactive science exhibits. Their visit resulted in increased interest in science by 
stimulating their curiosity and interest in the subjects (results reported in Chapter 5). Thus, 
it appears likely that Science Caravan visitors’ behavioural engagement influenced the 
affective learning outcomes of their visit experiences. This could potentially involve an 
emotional engagement that can lead to increased attention (Sinatra et al., 2015).     
In contrast to previous studies (Barriault, 2014; Shaby et al., 2017), the 
Breakthrough leaning behaviour found in this study was not the lowest proportion of visitor 
engagement. However, the behaviour subcategory with the lowest proportion of visitors 
was “being engaged and involved” at the Breakthrough level (see Table 4.1), with a 
criterion of time spent engaged with the exhibit of at least 2-3 mins. This is not surprising 
as previous studies assert it is not easy to keep visitors remaining on task for more than two 
minutes (Gutwill, 2008), especially when they have a time constraint. The predominant 
behaviour observed at the Breakthrough level of learning behaviour was that of seeking 
information. Visitors seeking to satisfy their curiosity and interests can be considered to be 
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at the initial steps of cognitive engagement as they expend their effort to understand 
unexpected or not fully mastered information. 
According to Csikszentmihalyi and Hermanson (1995), curiosity and interest drive 
intrinsic motivation towards learning when interacting with an exhibit. Additionally, 
interest can be both a cognitive and affective motivational variable (Hidi & Renninger, 
2006). Interest plays an essential role in encouraging effort, paying attention and 
persistence to understanding tasks; higher interest is more likely to encourage visitors to 
master particular content (e.g. science) (Renninger & Bachrach, 2015). More specifically, 
as visitor’s interest was stimulated during the Transition stage, seeking further information 
by reading the label of the exhibit and making sense of a scientific explanation can lead to 
satisfaction of personal cognitive and affective needs. This aligns with suggestions from 
Allen & Gutwill, (2004) and Schreiber et al., (2013) that a greater engagement with exhibits 
may lead to the satisfaction of learners’ needs.  
Gutwill (2008) argues that reading an explanation immediately after confronting 
the phenomenon can ruin a visitor’s chance of experiencing inquiry-based learning. In this 
study, however, baseline data and anecdotal evidence from the observations showed that 
more than fifty per cent of students who were seeking information on the label of an exhibit 
after doing the activity until the phenomenal is shown repeated the activity several times 
more and looked at the label again in some cases. It seems that they exert considerable 
effort to understand and master that particular knowledge. This may be because the 
exhibit’s content is related to the subject content of their current classroom science, or 
perhaps the exhibit’s phenomenon is related to their prior experience or represents a 
phenomenon that can be experienced in everyday lives as described on the label of an 
exhibit.   
Regardless of the multidimensional constructs of engagement with respect to 
learning, the learning behaviours act as indicators of level of visitor engagement. To 
summarize, the interactive science exhibits in the exhibition space of Science Caravan 
enable high school visitors to Science Caravan to engage which generates behavioural, 
emotional and cognitive responses during their learning process. These results imply that 
interactive exhibits in the exhibition space of Science Caravan encourage not only visitors’ 
enjoyment of learning science but are also more likely to contribute to conceptual learning 




Gender, education level, and potential learning outcomes 
This study found that gender has a small effect on the levels of learning behaviour 
with interactive exhibits existing in Science Caravan. In other words, the difference 
between male and female high school students does not seem to have a substantial impact 
on the overall engagement with exhibits or reaching the different levels of learning 
behaviours. It was found that both male and female high school students reaching the 
Initiation behaviour were not statistically significantly different. However, male students 
were one-fourth more likely than female students to finish up at the Transition behaviour. 
Meanwhile, female students were almost twice as likely as male students to engage further 
with exhibits and reach the Breakthrough behaviour, the highest level of learning behaviour 
in this framework. This finding is consistent with previous studies when taking into 
consideration the Breakthrough behaviour as an indication of cognitive engagement and 
the Transition behaviour as an indication of emotional engagement. For example, Salmi & 
Thuneberg’s (2019) showed that female students tend to learn more and acquire knowledge 
more from free-choice learning experiences than male students. In addition, male students 
appear to be more attracted to an entertaining experience, while female students tend to be 
more focused on educational goals (Balzano et al., 2007).     
Demonstration of a strong difference between male and female students who 
reached the Breakthrough level of learning behaviour is not surprising when taking into 
consideration the Breakthrough behaviour as an indication of cognitive engagement. In 
Thai cultural and educational contexts, female students are consistently outperforming male 
students, as shown in the assessment results of the Programme for International Student 
Assessment (PISA) in 2015. The PISA report revealed that Thai female students 
outperformed male students in mathematics, science and reading literacy, including self-
efficacy and attitude towards subjects (see Buckley, 2016). Interestingly, Thailand is one 
of only three countries (Malaysia and Iceland) with that particular situation, of the 72 
countries which participated in PISA in 2015.  
This contrasts to studies of several aspects of students’ interest, academic 
performance, and achievement, particularly in science, which have reported that female 
students were less likely than male students to get higher scores in almost all dimensions 
of student assessment and examinations (e.g. Greenfield, 1995; Greenfield, 1997; Linn & 
Hyde, 1989). However, the results of these other studies mainly relied on self-reported 
questionnaires, particularly in the context of a classroom setting, which is potentially 
different from the empirical evidence obtained in this study through observation. Apart 
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from data collection methods, the different contexts of learning might lie in the differences 
of out-of-school experiences and perceptions of science between male and female students. 
According to Jones et al. (2000), male students reported more out-of-school physics-related 
experiences; meanwhile, females reported more biology-related experiences. Moreover, 
females’ perceptions of science revealed that science was not easy to understand, especially 
physics. 
Another interpretation of the findings in this study could possibly be that Science 
Caravan experience contains myriad opportunities for female students to alleviate their 
lack of out-of-school physics-related experiences and learning physics principles through 
engaging with hands-on activities and interactive exhibits. Additionally, due to a common 
perception of female students that science, particularly physics, is difficult, they might have 
been likely to expend more effort than males to master the concepts that they were not 
familiar with or might not have had a direct experience of. Therefore, the outcomes of 
engaging more frequently and intensively in such experiences could enhance their interest 
and achievement in the physical science (Jones et al., 2000). 
This study found a moderate interaction between gender and education level, with 
strong differences between male and female students in junior and senior levels who 
reached the Breakthrough level of learning behaviour (see Figure 6.4).  It was found that 
male-junior high school students were the most likely to end up at the Initiation and 
Transition behaviour levels, and they were the least likely to reach the Breakthrough 
behaviour at the same time. At the other end, female senior-level students were the most 
likely to reach the Breakthrough level of engagement. This finding elaborates that of Koran 
et al. (1984) who found that young adolescents were more likely to spend more time 
randomly investigating alternative varieties of exhibits rather than intensively engaging 
with particular exhibits when time-constrained. It is possible that they, particularly in 
younger male students, were taking simple pleasure in having freedom during an out-of-
school field trip. If that was the case, enjoyment or perception of fun was likely to be more 
important than knowledge acquisition, since they were less likely to read the labels of the 
exhibits to look for an explanation, especially when visiting with a group of three or more 
peers.  
Social interaction and potential learning outcomes 
The results of this study are consistent with previous studies that have identified 
social interaction as an important factor in the museum experience and visitor learning (e.g. 
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Falk & Dierking, 2018). In the same vein, even though there was not a strong difference 
among students who were observed with different numbers of peer group members and 
reached different levels of learning behaviour, it seems that students who engaged with the 
exhibits alone were the most likely to end up at the Initiation level of learning behaviour. 
While there was no difference in the likelihood of reaching the Breakthrough level of 
learning behaviours for visitors in groups of 1 to 3, there was a slight decrease in percentage 
of visitors who reached the Breakthrough level if visitors were in groups with more than 
three people.  
In this study, visitors in a group with a greater number of peers were more likely to 
reach the Transition behaviour (see Figure 4.5). This is logical, given a key criterion for 
Transition learning behaviours is expressing positive emotions; the observed students were 
more likely to express enjoyment when interacting with the exhibits together with peers. 
According to Dohn (2011), as children perceive that an activity or environment allows them 
to be free for socialising, they are likely to be more interested in the activity, which means 
they are experiencing more enjoyment when engaging in a task. However, children are 
more likely to manipulate the exhibits in a manner unrelated to the purpose of the exhibits 
when they are having too much fun. This could concern some museum professionals that 
the true engagement that has been designed for would be lost. Nonetheless, this does not 
mean learning does not occur (Adams et al., 2004). In this case, social interaction (being 
with peers) was more likely to encourage emotional engagement, which can potentially 
enhance interest and positive attitudes towards science (Fredricks et al., 2004).   
Another factor contributing to social interaction while learning in a free choice 
setting is the presence of an explainer or interpreter. Previous studies assert that volunteer 
explainers or trained interpreters can enhance social interactions and potentially help 
visitors make connections between the scientific phenomena illustrated by exhibits and 
visitors’ prior experiences (Boisvert & Slez, 1995; Schwan et al., 2014). Anecdotal 
evidence from this study supports the important role of explainers. In some cases, I 
observed that once the volunteer explainer was present and had a conversation with the 
observed students about an exhibit, the students were then more likely to seek information 
on the label of an exhibit, share information with their peer(s) by reading a sign out loud 
for their companion(s), or calling their peer(s) to get involved in the activity together. In 
addition to improving social interactions among peers, visitors interacting with explainers 
were possibly more likely to cognitively engage with scientific content of exhibits. This 
might be because the volunteer explainers were trained in a manner of giving not only an 
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explanation about how to manipulate the exhibits or scientific phenomena to visitors but 
also encouraging them to seek the answer themselves by either posing a challenging 
question or referring to their prior experiences.  
This study suggests that social interaction of school students with their peers is 
likely to enable them to better physically and emotionally engage with exhibits. Meanwhile, 
volunteer explainers encourage social interaction to take place in a free-choice learning 
environment, which influences visitors’ behaviours to reach a cognitive engagement with 
exhibits. Breakthrough behaviours were clearly observable from students who had an 
interaction with volunteer explainers in Science Caravan whether they engaged with 
exhibits alone or together with their peers. Corroborating evidence from semi-structured 
interviews gave an indication of interaction with explainers increasing the likelihood of 
students to become cognitively engaged with exhibits, as they were randomly asked a 
question, “What do you do if you do not understand the content of an exhibit during 
engaging?” Seventy-nine per cent of answers were “asking volunteer explainer” or “staff” 
(see Appendix C6). This means visitors were aware that volunteer explainers working in 
the exhibition space were resource people who could satisfy their intellectual needs.  
Exhibits ‘characteristics and Visitors’ engagement levels 
While many studies have asserted that interactive exhibits encourage active visitor 
engagement which pertains to positive learning outcomes (Adam et al., 2004; Afonso & 
Gilbert, 2007; Allen, 2004; Schwan et al., 2014), different content of exhibits engender 
relatively different levels of engagement and learning behaviours. Profiles of visitor 
engagement illustrated the same pattern for all content categories of exhibit except 
Mathematics. Almost half of the observed students (46%) interacted with the Mathematics 
exhibits only at the Initiation level of learning behaviours without further interactions (see 
Figure 4.6). Meanwhile, the other categories of exhibits were more likely to encourage 
visitors to reach the Transition level, followed by the Breakthrough level of learning 
behaviour. This is probably because almost all the Mathematics exhibits display theoretical 
concepts, making them more difficult to integrate into other experiences in the visitors’ 
lives. Therefore, designing Mathematics exhibits to be more relevant to real-world 
experiences could perhaps encourage more engagement.      
The exhibits classification framework used in this study revealed that there was a 
moderately strong difference between the types of exhibits which encourage visitors to 
engage only at the Initiation learning behaviours. Exhibits with one-action manipulation 
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and that presenting a model of phenomenon with an intuitive-based analogy (Group1) were 
the least likely exhibits for visitors to engage in higher levels of learning behaviours. In 
comparison with the other three groups of exhibits, visitors at Group1 exhibits (46%) were 
over three times more likely than Group2 (14%), Group3 (15%), and Group4 (13%) to 
engage only at the Initiation level. Exhibits with multiple options of manipulation for 
visitors to interact with were more successful at eliciting higher levels of learning behaviour 
than exhibits with few or only one option; this is consistent with findings from Gutwill 
(2008). Type of phenomena also influenced visitor’s demonstrating higher levels of 
learning behaviour.       
In this case study, there was an interactive effect to support higher levels of learning 
behaviours of each exhibit type. Although exhibits Group1 and Group2 were both allowing 
only one option of interaction, exhibits in Group2, which presented counter-intuitive 
phenomena, were more likely to increase the likelihood of engaging with higher levels of 
learning behaviours. However, data analysis showed the same pattern of the visitor 
engagement profile for Group2 and Group3 exhibits, which are different in terms of type 
of manipulation and type of phenomena. Over 50 per cent of visitors who were engaged 
with the exhibits Group2 (53%) and Group3 (55%) reached only the Transition level of 
learning behaviour. It would seem that either multiple options of manipulation or presenting 
counter-intuitive phenomena is a desirable characteristic of interactive exhibits to 
encourage visitors to engage with enjoyment.        
According to Gutwill (2008), exhibits which present counter-intuitive phenomena 
attract visitors’ attention and motivate them to engage more intensively with the 
phenomenon, but there are several drawbacks of the learning process that is initiated with 
a surprising outcome. For example, visitors may merely look for an explanation in the label 
after encountering the phenomenon instead of continuing the process of inquiry learning 
(Gutwill, 2008). However, this thesis study found that exhibits providing single-action 
manipulation which present counterintuitive phenomena (Group2) can motivate visitors to 
repeat the activities several times before looking at the panel for an explanation. This group 
of exhibits offers the same potential to influence visitor’s engagement as exhibits 
presenting multiple options of manipulation together with intuitive phenomena (Group3) 
(see Figure 4.8).  
In addition, exhibits presenting multiple options of manipulation together with 
counter-intuitive phenomena (Group4) seems to be the types of exhibits that were most 
likely to encourage visitors to reach the Breakthrough level of learning behaviour. This 
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might be because the initial counter-intuitive outcomes trigger visitor curiosity and interest, 
which then increases the likelihood of further engagement and learning experience, 
encouraged by multiple manipulation. As the exhibits afford multiple options for visitors 
to test and compare the phenomena, they engage in the process of inquiry-based learning 
while they are experimenting in order to test their prior knowledge, reconstruct a new 
framework (Piaget, 1969 cited in Amineh & Asl, 2015), or merely satisfy their curiosity 
(see Figure 4.9). 
 
Figure 4.9 Visitor learning behaviours at different exhibits; a) Diver; b) Pulleys; and c) Rolling cones 
Due to the different personal contexts of visitors (e.g. prior knowledge, motivation, 
expectations, interests and beliefs), designing exhibits should take into account the variety 
of learning experiences and outcomes in relation to personal factors (Longnecker, 2016). 
Unlike the Mathematics exhibits, fundamental physics-related exhibits were evaluated as 
everyday-life-related situations that are simple to relate to visitors’ prior experience and 
were also evaluated as an entertainment value since visitors were satisfied when the exhibits 
triggered, for instance, their curiosity or interest in the phenomenon (Afonso & Gilbert, 
2007). In this study, however, the entertainment value of an exhibit seems to have little 
influence on highly education-motivated students who are more likely to be specifically 
selective about which exhibits they stop at, and then more intensively engage with the 
selected content knowledge. Signs of positive emotional responses during engaging with 
exhibits were not observed in most students (60%) who reached the Breakthrough level. 
Perhaps, this group of students rated enjoyment and perception of fun as less important than 




This chapter is entirely based on empirical evidence obtained by unobtrusive 
observation of Science Caravan visitors’ behaviours while they engaged with interactive 
tabletop exhibits in the exhibition space at the Science Caravan. The method allowed me 
to record immediate natural reactions of visitors to illuminate potential learning-related 
experiences and outcomes. This study demonstrates free-choice learning at a variety of 
levels that children experience in visits to the Science Caravan when it travels to regional 
Thai communities. This provides rural and regional children the opportunity to experience 
a variety of science-related activities outside of schools.  
As other researchers (Falk & Dierking, 2000; Rennie & Johnson, 2004) have stated, 
multiple factors contribute to learning and can occur concurrently. Learning is based on 
one’s consolidation or reconstruction of prior knowledge and experiences derived from 
engaging with the exhibits. The Visitor Engagement Framework used as an instrument to 
measure learning behaviours in this study provided indications of visitors’ learning 
behaviours in a free-choice setting, which are described with regard to an interrelationship 
between visitors’ engagement and domains of learning. The results show that when high 
school students were engaging with the interactive exhibits existing in the exhibition space 
of Science Caravan: 
(1) All observed subjects (100%) reached the Initiation level of behavioural 
engagement, 76% of them reached the Transition level of emotional engagement, and 30% 
reached the Breakthrough level of cognitive engagement.  
(2) Females were more likely than males to demonstrate cognitive learning 
behaviour. Males were more likely than females to demonstrate emotional learning 
behaviour as their highest level of learning. 
(3) Female senior-level students were more likely than the other groups to reach 
cognitive learning behaviours. 
(4) A social interaction, particularly between visitor(s) and volunteer explainers 
encouraged visitors to have cognitive engagement with exhibits.    
(5) It would seem that fundamental physics-related exhibits, particularly in the 
principles of force and motion, including those exhibits related to human perceptions which 




(6) Exhibits that have multiple options of manipulation or present counter-intuitive 
phenomena are more likely to enable visitors to interact with an intensive engagement and 
experience more extensive learning behaviours.     
Consequently, the results support that the objective of the Science Caravan to 
encourage students – particularly high school students – in regional communities to learn 
science with enjoyment is successful. Further, since the findings of this study assert 
accomplishment of the programme with high school students, future studies should explore 
the effectiveness of the Science Caravan programme with primary school students make 
up the majority of Science Caravan visitors. That might lead to improving all aspects of 
the programme in order to provide visitors with a better understanding of science and also 
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This chapter addresses the research questions 3 and 4: ‘Does a visit to Science 
Caravan change attitudes (3) and motivation (4) towards science learning?’ The chapter 
begins by examining the impact of participation in the Science Caravan programme on 
visitor attitudes towards science learning using three scales of attitude. These three scales 
are: Personal feelings about science (Personal feelings), Perceptions of the value of science 
(Perceived value), and Intentions of future participation in science (Future participation). 
The following section then presents results from the visitor surveys and examines the 
influence of participating in Science Caravan activities on visitor motivation towards 
science learning using three scales measuring different dimensions related to motivation. 
These three motivation dimensions are Interest, Self-efficacy, and Intrinsic motivation. The 
chapter goes on to examine whether Science Caravan participation impacts visitor intention 
to engage in science-related activities in the future. Lastly, the effects of gender and 
education level on changes in visitor attitudes, motivations and intention to engage in future 
science-related activities are examined. 
This chapter integrates results and discussion because each section of the results has 
its own hypothesis with several aspects to consider. Results are best addressed in 
combination with discussion as elaborating all the results and then discussing them in the 
order of results would result in redundancy.   
This study tested the assumptions that the Science Caravan programme provides 
valuable learning experiences which result in a significant improvement in visitors’ 
attitudes towards science learning. Specifically, this study examined these hypotheses: 
(1) The experience of participating in Science Caravan will result in more positive 
attitudes towards science learning. 
(2) The experience of participating in Science Caravan increases motivation 
(Interest, Intrinsic motivation, and Self-efficacy) towards science learning as well as interest 
in learning science among student participants. 
(3) Attitudes and motivation towards science learning (Self-efficacy and Intrinsic 
motivation) can predict intention to engage in future science-related activities (Future 
participation). 
(4) Effects of participation in Science Caravan activities on attitudes and motivation 
and intention towards science learning will be different for boys and girls. 
(5) Effects of participation in Science Caravan activities on attitudes and motivation 
towards science learning will differ, depending on the school level of visiting students. 
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Junior and senior secondary school students from over 80 schools throughout five 
regions of Thailand contributed to the research. Students were asked to complete a brief 
survey before (pre-test; n = 1,400) and after (post-test; n = 1,084) participating in Science 
Caravan activities on-site.  
Descriptive statistics were used to analyse the data obtained from the 
questionnaires, including means and standard deviations. Independent sample t-tests were 
used to compare their scores. Structural equation modeling was done to determine the 
ability of different constructs to predict intentions of Future participation in science 
activities. A two-way, between-groups analysis of variance (two-way ANOVA) was used 
to analyse the impact of the Science Caravan intervention with gender differences and 
education levels as variables. In addition, independent sample t-tests were used to compare 
scores when the two-way ANOVA detected significant effects. 
5.2 Changed attitude towards science learning after Science Caravan participation 
The three scales used to measure attitudes towards science learning were: (1) 
Personal feelings; (2) Perceived value; and (3) Future participation. Development and 
testing of the scales are described in Chapter 3, section 3.5.2 
Participation in Science Caravan activities resulted in significant positive changes 
in mean scores for all three scales of attitude towards science learning, and thus the first 
hypothesis was accepted (Table 5.1). Of the three scales, Personal feelings had the highest 
mean scores. Future participation had the lowest mean scores but had the largest increase 
after participating in the Science Caravan activities. The results of the effect sizes of the 
three scales can be interpreted that 54.8 - 55.6 percent of the post-test scores were greater 
than an average mean score of the pre-test.       
Table 5.1 Independent-samples t-tests compared pretest and posttest mean scores on three scales of 
attitude towards science learning. 
 
Scales  
Pre-test (n = 1400) Post-test (n = 1084)  
t 
Effect  
size Mean S.D. Mean  S.D. 
  Personal feelings  4.32 .47 4.39 .46 ***3.45 .14 
  Perceived value  4.30 .46 4.35 .49 ***3.02 .12 
  Future participation  3.68 .72 3.78 .76 ***3.48 .14 
      N.B.: *** p < .001 
The results in Table 5.1 indicate that Science Caravan participants already held 
positive attitudes towards science learning, as measured by all three scales, with mean 
scores of all scales sitting around 4.00 on a 5-point Likert scale. Results using this 
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instrument were close to the maximum score on the rating scale, and also had low standard 
deviations, suggesting that a ceiling effect might be observed with this instrument. 
Therefore, improvement to this instrument would be useful in future studies and could 
involve amending statements or adding more items. Alternatively, the positive attitudes 
recorded might be an accurate representation of the school students because an out-of-
school field trip to an informal science learning setting like NSM Science Caravan can 
trigger students’ situational interest. According to Hidi & Renninger (2011), situational 
interest refers to giving attention that influences the affective reaction and cognitive 
performance which are triggered by environmental or setting stimuli.  
In this sense, students are often positive about a break from their school classroom 
routine to go on an out-of-school field trip during school hours; this would be particularly 
expected for disadvantaged students in rural schools. The impact of a field trip would 
perhaps initiate positive affect responses of students from the moment they were first 
informed of the field trip. On arrival at the Science Caravan venue, the atmosphere of the 
setting together with many students from other schools might also be situational triggers 
for students’ interest in the activity (Figure 5.1). This could influence attitudes towards 
science and motivation to science learning (Dohn, 2011, Falk & Dierking, 2000).  
 
Figure 5.1 Happy students arriving at a Science Caravan venue. 
Additionally, before participating in the Science Caravan programme, students 
were briefed about what activities they would find at the venue. This might be another 
situational variable that fosters and increases students’ curiosity and interest in the activity. 
In sum, most students coming to Science Caravan were already enthusiastic and excited 
upon arrival.                
After participating in the Science Caravan activities, participants had positive 
changes in all scales of attitude towards science learning. This finding is similar to results 
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of previous studies (Knapp, 2000; Nadelson & Jordan, 2012) that out-of-school science-
related field trips can increase students’ positive attitudes towards science. However, 
Vossen et al. (2018) argue that a short intervention is rarely found to enhance positive 
attitude. Post & Walma van der Molen (2014) have suggested that short-term educational 
interventions are often not related to the school class curriculum which is a reason for lack 
of impact of short interventions on attitude.  
Most activities at Science Caravan are related to Thailand’s science curriculum. 
Since engaging in learning activities with a connection to classroom curriculum can help 
students to link their prior knowledge and interests to learning experiences derived from 
their participation, this may help explain the positive impact of participation in Science 
Caravan activities on attitudes towards science learning. This link between informal 
science activities and science curriculum can in turn influence long-term learning (Knapp, 
2000). Besides, previous studies showed that short-term experiences in informal learning 
interventions have a positive, long-lasting impact on students’ attitudes (Gibson & Chase, 
2002; Jarvis & Pell, 2002, 2005). It would be interesting to follow these results up with a 
longitudinal study that examined attitudes and school performance and later science-related 
behaviours after the Science Caravan experience.  
The highest positive scores of responses to the items assessing Personal feelings 
indicate that student participants were likely to desire to learn more about science, feel 
enjoyment when participating in the science-related activities and want to find out more 
about science. In this study, the attitude scale of Personal feelings was developed to assess 
one aspect of interest – an affective element of attitude towards science learning in general; 
it was not based on the entire Theories of Interest (see detail in Chapter 2). “Interest cannot 
be equated with ‘enjoyment while learning’. Enjoyment can occur for many reasons, and 
interest is only one of these” (Krapp & Prenzel, 2001, p.6). This study’s finding revealed 
that participation in Science Caravan had a positive impact on visitors’ feelings of 
enjoyment and emotional involvement with learning science.                
That Perceived value had the smallest change suggests that participants were 
already aware of the importance of the value of science to society. Perhaps participation in 
Science Caravan activities did not provide insight into the importance of science that 
related to their interest or perceptions at that moment. Based on the responses, however, 
participants were likely to be more understanding in general that “Science is of great 
importance to a country’s development” (p = .012) and significant for living their lives so 
that they tended to report ‘strongly agree’ that “People should understand science because 
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it is one of the important parts of their lives” (p < .001) after participating in Science 
Caravan. The result of a positive change in Perceived value implies that students were 
more likely to believe and value that science is important in many aspects of their lives; 
this could be a more important outcome than knowledge acquisition of specific science 
content.  
From a theoretical view based on the Person-object Theory of Interest (Krapp, 
2002) and the four-phase model of interest development (Hidi & Renninger, 2006), the 
results of positive changes in perceived value of science (Perceived value) and feeling of 
enjoyment (Personal feelings) when participating in science activities could be employed 
as predictive scales to evaluate an individual/personal interest in science learning. 
Therefore, the findings suggest that the experiences students derived from participation in 
Science Caravan were the combination of an affect – the feeling of enjoyment and interest 
in learning science – and cognition - an awareness of the importance of the value of science, 
an intellectual improvement (see section 6.2). This is similar to what has been reported 
about the positive relationships between cognitive and affective dimensions of attitude 
towards attitude objects (Gardner, 1975). For example, Ainley & Ainley (2011b) affirmed 
that students were more likely to experience enjoyment and interest from engaging with 
science activities when they believe and value the science content as having personal 
meaning and relevance to their lives.   
The low average mean score of the scale of Future participation might reflect 
students’ perceptions of the difficulty of engaging with science in a real-life situation. For 
example, when talking about working in science-related careers in the future, students in 
other research viewed science occupations only in terms of becoming a scientist (Archer et 
al., 2013). Venville et al. (2013) showed that pursuing a career as a scientist was most 
influenced by two important factors – an interest in science and perceived competence in 
science.   Therefore, the perceived difficulty of science in school classes might influence 
feelings of competence in science which, in turn, influences decisions not to continue to 
study science in the future.  The relatively low agreement about Future Participation could 
suggest that Science Caravan activities did not provide a clear view of motivational 
orientation to pursue science education and science occupations in the future. This view is 
supported by Falk (2005), who stated that visitors to an informal education venue might 
only look for an experience rather than specific subject content or information. Wigfield & 
Eccles (2002) argued that students are more likely to engage with the task (e.g. science-
related subjects, science activities) and expend an effort to master them when they 
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experience feelings of competence and enjoyment. Therefore, the scale of Future 
participation itself was not a reliable measure of student participants’ behavioural intention 
to engage in science influenced by participation in Science Caravan. 
Even though Future participation was the lowest average mean scores in both pre- 
and post-test, student participants’ responses showed very similar changes to those for 
Personal feelings. This result revealed that students’ intention to pursue science-related 
activities or science education in the future was increased after participating in Science 
Caravan. This might be because their perceived competence in science learning were 
increased (see section 5.3). Consequently, it would seem that participants’ perspectives of 
learning science and engaging in science were changed. This According to the 
interpretations of the results of Personal feelings and Perceived value as described above, 
students with an individual interest in science are more likely to seek opportunities to re-
engage with science-related activities (Hidi & Renninger, 2006). Therefore, the results of 
an evaluation of attitude towards science learning can provide, in this case, the perspectives 
of individual/personal interest in science learning, and behavioural intention to engage 
further in both science-related activities and science education which were influenced by 
participating in Science Caravan.  
Even though this study did not examine cognitive academic outcomes or knowledge 
gains directly, experiences during field trips to informal learning settings like Science 
Caravan can contribute to knowledge acquisition and learning particular skills (Dewitt & 
Storksdieck, 2008). The increased intention to engage in future science-related activities 
implies that participation in Science Caravan would lead behaviour that seeks out 
opportunities for further cognitive gains.       
In sum, the findings of this study indicate that the Science Caravan intervention is 
a successful science outreach programme which can enhance participants’ attitude towards 
science learning. The environmental context of Science Caravan setting is considered one 
of the most important factors since the programme is well organised and its orientation 
incorporates a variety of hands-on activities which allow visitors a freedom of choice to a 
certain extent. The availability of activities that can support many types of participants’ 
preferred learning styles (see section 4.4) which influences participants’ engagement in 
activities and in turn can enhance participants’ attitude towards science learning. This 
aligns with findings from Koballa & Glynn (2013). Lastly, the findings of this study support 
the value of short-term engagement in informal science learning settings for enhancing 
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students’ positive attitudes towards science, as suggested by Prokop et al., (2007) and 
Sentürk & Özdemir (2014).  
5.3 Changed motivation to learning about science after Science Caravan participation 
The three scales used to measure the motivation towards science learning construct 
were: (1) Intrinsic motivation; and (2) Self-efficacy for science learning, including (3) 
Interest in science learning. 
Participation in Science Caravan activities resulted in significant positive changes 
in mean scores for all three scales of motivation towards science learning and thus the 
second hypothesis was accepted (Table 5.2). Interest had the highest mean scores but the 
lowest change, whereas Self-efficacy had the lowest mean scores but showed the highest 
change in scores after Science Caravan engagement. The results of the effect sizes of the 
three scales can be interpreted that 55.2 - 58.0 percent of the post-test scores were greater 
than an average mean score of the pre-test.   
 Table 5.2 Independent-samples t-test compared between pre-test and post-test of the mean scores 
on the scales of motivation towards science learning. 
  
  Scales  
Pre-test (n = 1400) Post-test (n = 1084)  
t 
Effect 
size Mean S.D. Mean  S.D. 
  Interest 4.33 .67 4.39 .69 ***3.69 .15 
  Intrinsic motivation 4.25 .50 4.32 .53 **3.26 .13 
  Self-efficacy 4.06 .54 4.17 .57 ***5.07 .20 
   N.B.: ** p < .01, *** p < .001 
 
After participating in Science Caravan, participants reported a significant increase 
in the scores for all scales of motivation towards science learning. The results demonstrate 
significant increases in Interest in science learning, Intrinsic motivation to learn science, 
and Self-efficacy for learning science. This finding is consistent with those of previous 
studies that found participation in informal science learning settings can enhance students’ 
motivation about science, promote content knowledge, and improve self-efficacy (Martin 
et al., 2016; Sasson, 2014). Therefore, the findings of this study suggest that the Science 
Caravan programme provides an informal learning environment similar to that of science 
museums, science centres, and other stationary informal learning institutes in which a visit 
has been acknowledged as a valuable opportunity to enhance students’ attitude towards 
science learning (Jarvis & Pell, 2002, 2005), motivation related to science (Rennie, 2014; 
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Sasson, 2014), interest in science, and beliefs in competence in learning science (Schwan 
et al., 2014).               
Apart from the effect of the research instrument described in Chapter 3, the overall 
result, as seen in Table 5.2, indicates that Science Caravan participants were already highly 
motivated to learn science at soon as they arrived at the venue. As seen from participants’ 
outcome expectations (see section 6.2), most participants had expectations for both of 
cognitive outcomes (e.g. new knowledge, and application in life) and affective outcomes 
(enjoyment). Schunk (2014) stated that outcome expectations are individual’ beliefs in the 
anticipated outcomes of engaging in or avoiding actions. According to Social Cognitive 
Theory (Bandura, 1997), outcome expectations and goals are important learning factors 
since motivation stimulates individuals to perform actions, and motivation is directed by 
one’s expectations and goals. For this reason, the high outcome expectations noted in 
Chapter 6 section 6.2 could explain participants’ relatively high scores on all three scales 
of motivation towards science learning in the pre-test questionnaire.  
Studies have shown that an individual’s outcome expectations can be influenced by 
one’s interests which are related to previous learning experiences (Lent et al., 1994). In the 
case of the Science Caravan experience, it seems that an individual’s interests might be 
firstly triggered by being informed by their teachers about participation in science 
education-related activities outside of school before arriving at the venue. This 
communication from teachers usually come along with the teachers’ expectations of 
students acquiring new scientific knowledge (Koballa & Glynn, 2007; Triyarat, 2017). 
Secondly, on arrival students were briefed about the variety of activities existing at the 
venue. This was done while they were immersed in the excited atmosphere of the venue, 
which could further stimulate a positive affective response to the visit. A positive feeling 
of attending Science Caravan might trigger early phases of interest. Hidi & Renninger, 
(2006) have shown early phases of interest can stimulate curiosity. This can lead to an 
eagerness to explore and acquire new knowledge and experiences (Donh, 2013), and in turn 
influence enduring individual interests (Silvia, 2006).    
The finding of increased scores of motivation towards science learning is in 
accordance with the studies of Krapp (2002, 2005) and Renninger (2000), who described 
from a theoretical perspective that the conceptions and outcomes of situational and personal 
interest (as described in section 5.2) are closely aligned with the concept and outcome of 
Intrinsic motivation. The degree of changes in participants’ Interest and Intrinsic 
motivation are similar. With respect to the Self-Determination Theory (Deci & Ryan, 
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1985), the perceptions of self-determining learning can enhance intrinsic motivation which 
influence an affective learning since one’s learning is solely directed by one’s interest. For 
this reason, it would seem that the variety of activities existing in Science Caravan could 
provide a meaningful context of inherent appeal to student participants which could 
influence their intrinsic motivation (Cordova & Lepper,1996) and interest in learning 
science (Swarat et al., 2012).  
Accordingly, once students have realized they have an interest in science, they are 
likely to be intrinsically motivated to learn science (Schiefele, 1996 cited in Krapp, 2005) 
and are more likely to engage in the science content of their interest, which in turn 
influences an improved feeling of autonomy (self-determination) and competence (self-
efficacy) (Hidi & Renninger, 2006). In this sense, although intrinsic motivation only exists 
within individuals, intrinsic motivation also occurs and endures when individuals are 
engaging particularly with activities that provide novelty, challenge, and aesthetic value 
(Ryan & Deci, 2000a). Therefore, the significant increase of Intrinsic motivation to learn 
science after Science Caravan engagement indicates that student participation in the 
activities at Science Caravan contributed towards experiences of enjoyment, satisfaction, 
and potentially a sense of autonomy (self-determination) and competence (self-efficacy). 
This aligns with the work of Ryan & Deci (2000b).   
In accordance with the theory of motivation, one of the important needs for interest 
development is competence or self-efficacy (Bandura, 1997). The present study revealed 
that the scale of Self-Efficacy had the highest significant positive change in comparison to 
the other scales after a visit to Science Caravan. As in the study of Renninger (2007), 
learning with enjoyment in informal science learning settings might provide opportunities 
to begin developing a sense of self-efficacy or competence in science since students 
primarily related their feeling of enjoyment with successful learning. More importantly, 
first-hand experiences in science provided in Science Caravan were developed to increase 
the potential that students would be able to relate scientific knowledge with their own life 
experiences and also be able to increase their understanding of science. Student 
participants’ increased perception of self-efficacy in science was possibly improved since 
they were able to draw connections between what they have studied in school and what 
they have learned in Science Caravan. 
Since self-efficacy belief is a crucial determinant of individuals’ intention, 
motivation, and learning (Bandura,1997; Schunk & Pajares, 2009), the Self-Efficacy scale 
in this study, would be perhaps the most important predictor of participants’ motivation 
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towards science learning as influenced by Science Caravan engagement. As shown in the 
analyses, Science Caravan engagement can contribute most to participants increased sense 
of self-efficacy or perceived capabilities of learning science. Therefore, the Self-Efficacy 
scale could be perhaps the most meaningful indicator of the effectiveness of Science 
Caravan programme since perceived self-efficacy of learning can build a basis of 
motivated action to learn (Cook & Artino Jr, 2016) and can be influenced by the outcomes 
of learning-related behaviours and the components of learning environment (e.g. social 
interactions) (Schunk & Pajares, 2009).  
5.4 Predicting participants’ behavioural intention to learn science   
The third hypothesis tested in this chapter is that attitudes and motivation towards 
science learning (Self-efficacy and Intrinsic motivation) can predict intention to engage in 
future science-related activities (Future participation). Using the theoretical framework 
developed in this study and the data obtained from attitude and motivation measures, 
structural equation modelling analysis was conducted to test this hypothesis. The two 
components of attitude (affect - Personal feelings, and cognition - Perceived value), and 
motivation towards science learning (Self-efficacy and Intrinsic motivation) were used to 
predict intention to engage in science-related activities in the future (Behavioural intention 
- Future participation).  
Analysis was conducted for both the pre- and the post-test measurement. The 
models showed acceptable fit using Brown’s (2006) and Bagozzi & Yi’s (2012) reviews of 
recommended fit-indices: SRMR < .08; RMSEA < .06; and CFI and TLI between .90 and 
.95 or greater. The pre-test model: ꭓ 2(398) = 1381.12; p = . 0 0 ;  ꭓ 2/df = 3.47; CFI = .93; 
RMSEA = .042; SRMR = .037. The post-test model: ꭓ 2(398) = 1304.96; p = . 00 ;  ꭓ 2/df = 
3.28; CFI = .92; RMSEA = .046; SRMR = .043.    
The structural model of an intention of future participation in science shown in 
Figure 5.2 is a combined model of the results based on the pre-test and the post-test model. 
The model presents the standardised estimates of analyses of the individual scale effects. 
The model initially included the variables of gender and education levels which are 
discussed in sections 5.5 - 5.6. Although the model showed an acceptable fit for the pre- 
and the post-test, gender and education levels were not significant predictors. Therefore, 




Figure 5.2 Structural equation model was used to predict intention of future participation in science 
using scales measured in this research. 
Intention of future participation in science could be explained and predicted by 
attitude towards science learning and perceived behavioural control in both the pre- and the 
post-test, and thus the third hypothesis was accepted. Based on the results of analyses, the 
Motivation towards science learning component that consists of Self-efficacy and Intrinsic 
motivation was the strongest predictor of an intention of future participation in science at a 
very high level of significance (p < .001). Twenty-eight per cent of the variance of intention 
of future participation in science was contributed by the Motivation component, and 16% 
of the variance was contributed by the Attitude component. Overall, 53 - 62% of the latent 
variables could be explained for Future participation.  
Koballa & Glynn (2007) asserted that attitudes influence motivation, which in turn 
contributes to changes in learning behaviour. Changes in students’ motivation to learn 
science lead to changes in their goals and ways of learning science (Goto et al., 2018). In 
addition, the impact of attitude on behaviour is influenced by the strength of the relationship 
between the cognitive and affective component of attitude towards the behaviour (Zhou et 
al., 2013). These are consistent with this research result which confirmed that the affective-












Post-test: β = .89, p < .001  
Pre-test: β = .91, p < .001 
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consequently influences behavioral intention to learn science. In addition, the cognitive 
component together with the affective component of attitude towards science learning can 
directly the influence the behavioural intention to learn science in the future.  
Engaging in Science Caravan activities had a stronger impact on students’ attitude 
than on their motivation towards science learning; effects of gender or education levels are 
discussed in the next sections. An important finding is that a degree of predictive ability 
together with a level of significance of the Attitude component that consists of Personal 
feelings and Perceived value became stronger after Science Caravan participation, whereas 
the predictive ability of the Motivation component remained steady. However, the result of 
a multigroup structural equation analysis which is a comparison of the pre- and the post-
model to find out whether each component has a significantly stronger predictive ability 
for intention of future participation in science after Science Caravan engagement showed 
no significant difference. This might be because the standardized regression weights of the 
variables of Attitude and Motivation which contribute each predictor within the pre- and 
the post- model are relatively stable with the highest level of significance. This means the 
overall standardized regression weights of the two models are not statistically different.           
5.5 Gender differences   
Participation in the Science Caravan activity contributed to changes in participants’ 
attitude and motivation towards science learning, and that effect might differ across gender. 
A two-way, between-groups analysis of variance (ANOVA) was conducted to explore the 
impact of participation in the Science Caravan activity and gender of participants on 
attitude and motivation towards science learning.  
Although different sample sizes between male and female participants were 
obviously noticed in this study (male n = 842, female n = 1639), the assumptions of equality 
of error variances for a two-way ANOVA technique, including an independent-sample t-
test, were not violated. This indicates that the variances of the two groups of participants 
were equal. In addition, although analyzing using a two-way ANOVA technique can tell 
the differences between two groups: (1) before and after intervention; and (2) male and 
female participants, the results do not show where the differences occur. For this reason, 
an independent-sample t-test technique was conducted after two-way ANOVA analyses to 
indicate whether there is a significant difference between each group (Pallant, 2011).  
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5.5.1 Changed attitude towards science learning  
Participation in Science Caravan activities resulted in positive changes in mean 
scores for all three scales of attitudes towards science learning in general. The impact of 
Science Caravan engagement did not depend on the gender of visitor (Table 5.3), and thus 
the attitude component of the fourth hypothesis was rejected. Even though increases in 
visitors’ positive attitude towards science learning were found in all scales, not all scales 
were statistically significant (Table 5.4).  
There were significant main effects for the pre-/post-test mean scores of Personal 
feelings and for gender. However, the interaction effects were not significant between 
gender and Personal feelings, F(1, 2480) = .60, p = .437. This means that males and females 
differ in terms of their mean scores of Personal feelings, F(1, 2480) = 4.07, p = .044, and 
there were differences between before and after intervention in mean scores of Personal 
feelings, F(1, 2480) = 12.61, p < .001 (Table 5.3).  
Table 5.3 Two-way ANOVA of measures of attitude looking at change from before (pre-test) and 
after (post-test) participation in Science Caravan activities with regard to gender.  
 
Scales  Mean Square df     F η2     R2 
Personal feelings  
     Pre-/Post-test 
     Gender 
     Pre-/Post-test x Gender 





















    
 
Perceived value 
     Pre-/Post-test 
     Gender 
     Pre-/Post-test x Gender  



















Future participation  
     Pre-/Post-test 
     Gender 
     Pre-/Post-test x Gender 



















      N.B.: * p < .05, ** p < .01, *** p < .001 
More specifically, participation in Science Caravan activities resulted in positive 
impacts on personal affection for science learning for both male and female secondary 
school students. Although female participants scored significantly higher than males in the 
pre-test, there were no significant differences between these two groups in the post-test 
scores (Table 5.4). 
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There were significant main effects for the pre- and post-test mean scores of 
Perceived value, and Future participation, but not for gender. There were also no 
significant interaction effects between gender and Perceived value, F(1, 2480) = .02, p = 
.901, and Future participation, F(1, 2480) = .90, p = .344. This indicates that although there 
were differences overall between before and after intervention in mean scores of Perceived 
value, F(1, 2480) = 8.47, p = .004, and Future participation, F(1, 2480) = 13.18, p < .001, 
there were no differences between males’ and females’ scores of both the pre- and the post-
test (Table 5.3, 5.4). However, there was no statistically significant difference only in 
males’ mean scores of Perceived value between the pre- and the post-test (Table 5.4).  
Participation in Science Caravan activities had positive impacts on personal 
intention to engage in and learn more about science in the future for both male and female 
secondary school students. It had a positive impact on attitude about the importance and 
value of science for female secondary school students but not for male participants (Table 
5.4). The results of the effect sizes of three scales can be interpreted that 54.8 - 57.6 percent 
of the post-test scores were greater than an average mean score of the pre-test.       
Table 5.4 Independent-samples t-tests compared pretest and posttest mean scores on three scales of 
attitude towards science learning with regards to gender.  
  
                
Scales                          Gender 
Pre-test 
(df = 1398)  
Post-test 




Mean S.D. tpre Mean  S.D. tpost tpost-pre df 








































          
 



















N.B.: * p < .05, ** p < .01, tpre = the results of comparing males’ and females’ scores of the pre-test, tpost = 
the results of comparing males’ and females’ scores of the post-test. tpost-pre = the results of comparing between 
the pre- and post-test scores of male and female participants.   
The results of this study revealed that the impact of participation in Science Caravan 
on attitude towards science learning in general was not different for male and female 
student participants, and thus the second hypothesis was accepted. It would seem that the 
programme provided suitable science learning experiences for both, with similar impact. 
While a significant difference in the scale of Personal feelings was found in the pre-test 
survey between males and females, in the post-test result there was no significant 
difference, including in the other scales between male and female participants. Regarding 
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Lorenzo et al. (2006) suggestion to narrow the gender gap in attitude towards science by 
providing an interactive learning setting, encouraging females in aural (talking/listening) 
learning, and encouraging males in kinesthetic learning, for instance, the Science Caravan 
setting can cater to those different learning styles and provides experiences which are 
suitable for both male and female student participants. Hence, it suggests that engagement 
in Science Caravan activities can decrease the gender gap in students’ overall attitude 
towards science learning, as measured by all three constructs.     
Regarding the statistical analyses, no significant difference in the effect of the 
intervention on attitude for males and females suggests that Science Caravan is relatively 
free of gender bias in providing an informal science learning environment for school 
students in regional communities of Thailand, which in turn influences similar 
improvement in both male and female participants’ attitude towards science learning. This 
indicates that the Science Caravan setting might support males to feel more comfortable 
and confident to learn science by themselves which allows them to be free from teachers’ 
instruction. It may be because teachers would see that male adolescences are more difficult 
to encourage to pay attention. Males were more likely to report that the benefit of 
participation in the programme was enjoyment (see section 4.5.1), which in turn influences 
future engagement. This view is supported by Ainley & Ainley (2000b), who stated that 
enjoyment is important for students and contributes to further engagement in science.          
Overall, the factor that influences female participants to score higher on overall 
attitude, including Personal feelings scale, both before and after the visit is their 
expectations towards the visit which, in turn, influence perceived learning-related 
experiences derived from the visit (Sheng & Chen, 2012). This view is supported by the 
questionnaire’s results in Chapter 4 section 4.5.1 which shows that females reported higher 
expectations towards the Science Caravan visit than males, indicating that females seem 
more purposive and more learning-oriented than males to engage with the Science Caravan 
programme. As a result, after participating in the programme females reported significantly 
more positive on every learning experience they had than males, except for Recognition of 
the importance of science. In sum, it would seem that one of the reasons males’ and 
females’ attitudes towards science learning were improved after participating in Science 
Caravan is that their learning-related experiences of the visit could satisfy their 
expectations to a certain extent. 
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5.5.2 Changed motivation towards science learning  
Participation in Science Caravan activities resulted in positive changes in mean 
scores for all three scales of motivation towards science learning in general. The impact of 
Science Caravan engagement did not depend on the gender of the visitor (Table 5.5), and 
thus the motivation component of the fourth hypothesis was rejected. Even though 
increases in visitors’ positive motivation towards science learning were found in all scales, 
not all scales were statistically significant (Table 5.6).  
The results of two-way ANOVA analyses showed that there were significant main 
effects for both the pre-/post-test mean scores of Intrinsic motivation and for gender. 
However, the interaction effect was not significant between gender and Intrinsic 
motivation: F(1, 2480) = 3.34, p = .068. This means that male and female participants differ 
in terms of their mean scores of Intrinsic motivation F(1, 2480) = 8.15, p = .004, and there 
were statistically significant differences between the pre- and the post-test mean scores of 
Intrinsic motivation, F(1, 2480) = 15.05, p < .001 (Table 5.6).  
Table 5.5 Two-way ANOVA of measures of motivation looking at change from before (pre-test) 
and after (post-test) participation in Science Caravan activities with regard to gender.  
 
Scales  Mean Square df     F η2     R2 
Interest  
     Pre-/Post-test 
     Gender 
     Pre-/Post-test x Gender 



















     
 
Intrinsic motivation 
     Pre-/Post-test 
     Gender 
     Pre-/Post-test x Gender  




















     
Self-efficacy 
     Pre-/Post-test 
     Gender 
     Pre-/Post-test x Gender 



















     N.B.: * p < .05, ** p < .01, *** p < .001 
More specifically, participation in Science Caravan activities had significant 
positive impacts on inherent satisfactions of science learning for males, but this was not 
observed for female secondary school students. Although female participants’ scores were 
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significantly higher than males in the pre-test, there was no significant difference between 
these two groups in the post-test scores (Table 5.6).  
Although there were significant main effects for the per- and the post-test mean 
scores of Interest and Self-efficacy, there were none for gender. There was also no 
significant interaction effects between gender and Interest in science learning, F(1, 2480) 
= .48, p = .487, and Self-efficacy, F(1, 2480) = 1.58, p = .208. This indicates that there were 
differences between before and after intervention in mean scores of Interest in science 
learning, F(1, 2480) = 16.15, p < .001, and Self-efficacy, F(1, 2480) = 27.53, p < .001, but 
not differences between males’ and females’ scores of both the pre- and post-test (Table 
5.5, 5.6).  
Participation in Science Caravan activities had significant positive impacts on 
interest in science learning of male and female secondary school students, and had 
significant positive impacts on perceived capabilities for learning science of male and 
female secondary school students. In general, male and female student participants had 
similar scores in both the pre- and the post-test questionnaires for the three scales (Table 
5.6). The results of the significant effect sizes of the three scales can be interpreted that 
57.2 - 60.4 percent of the post-test scores were greater than the average mean score of the 
pre-test.          
Table 5.6 Independent-samples t-tests compared pretest and posttest mean scores on three scales of 
motivation towards science learning with regards to gender.   
 
 
Scales                           Gender 
Pre-test 
(df = 1398)  
Post-test 




Mean S.D.     tpre Mean  S.D. tpost tpost-pre 





















          
 








































N.B.: * p < .05, ** p < .01, *** p < .001, tpre = the results of comparing males’ and females’ scores of the 
pre-test, tpost = the results of comparing males’ and females’ scores of the post-test. tpost-pre = the results of 
comparing between the pre- and post-test scores of male and female participants.   
  
The results of this study revealed that the impact of Science Caravan engagement 
on participants’ Interest, Intrinsic motivation and Self-efficacy for learning science was not 
statistically significant difference for male and female secondary school students, with a 
positive impact on both groups. The pre-test results of all scales support other researchers’ 
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findings that female students are more likely to be motivated learners than male students 
(Osborne, Simon & Collins, 2003), especially with regard to intrinsic motivation to learn 
science. According to Brophy (2010, p. 15), motivation to learn from academic activities 
is “tendencies to find academic activities meaningful and worthwhile and to try to get the 
intended learning benefits from them”.  
Since intrinsic motivation to learn is positively associated with academic 
performance through classroom engagement (Froiland & Worrell, 2016), the pre-test 
results could potentially be used to affirm that female students are still consistently 
outperforming male students as has been noted in Thai cultural and educational contexts 
(Lerdpornkulrat et al., 2012). This view was also supported by the assessment results of the 
Programme for International Student Assessment (PISA) in 2015. The report revealed 
results of the academic performance and achievement measurement of secondary school 
students which showed that Thai female students outperformed male students particularly 
in science, including self-efficacy and attitude towards subjects (see Buckley, 2016).   
After Science Caravan engagement, however, all three scales scores of motivation 
towards science learning were increased for both male and female students and were not 
different between the male and female student participants. It would seem that most of the 
activities in Science Caravan motivated both male and female students to learn and engage. 
They provided similar types of learning experiences and supported learning styles of both 
groups (see Appendix C5, C6). This notion differs from Brophy’s (2010) reviews in which 
the author stated that many education-related activities designed for students are associated 
mainly with either males or females and consequently had different impacts on enhancing 
interest, enjoyment, and success expectancies on both groups. However, the result of 
Intrinsic motivation might reveal the different point of view in relation to a particular 
feeling of engaging in activities in Science Caravan.  
The only difference between male and female students was seen in scores for 
Intrinsic motivation. After Science Caravan engagement the significant improvement in 
Intrinsic motivation score was only seen for male student participants, whereas females’ 
scores were significantly higher than males’ scores before engaging in the programme but 
not different from males’ scores after participation. This might be because the scientific 
principles illustrated in the interactive exhibits, some hands-on activities, science shows, 
and a maker space are primarily associated with physics. Exhibits related to physics 
concepts might be in general less attractive for female student participants (Joyce & 
Farenga, 1999; Osborne & Collins, 2001) and make them feel more anxious than males. 
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However, grades and a feeling of efficacious in physical science were not different between 
male and female students in a study by Britner (2008).       
In terms of Self-efficacy, previous studies showed that male students were likely to 
report higher on beliefs about academic performance and their ability in science than female 
students (see Meece et al., 2009). In contrast, based on the results of the pre-test, it would 
seem that male and female secondary school student participants in this study initially had 
the same level of self-perceived capabilities to learn science before engaging in Science 
Caravan. Consequently, there would be no gender differences in activating their cognitive, 
affective learning processes or motivated actions to learn and engage in activities. In 
addition, the results of the post-test suggest that activities in the programme supported 
learning processes and the setting provided a learning environment that can enhance the 
same extent of the efficacy of academic engagement in science for both males and females.   
The result of this study in relation to self-efficacy for learning science suggest that 
there is no effect of gender on the efficacy of academic engagement with activities in 
Science Caravan. Bandura (1997) suggests the most influential source of information used 
to interpret and form individuals’ self-efficacy beliefs is previous performance 
accomplishment. This study suggests that a significant improvement in perceived 
competence in science learning is a successful learning experience that student participants 
gained from engaging in Science Caravan activities and this was not different for males 
and females. This notion is consistent with Britner & Pajares’ (2006) study that secondary 
school students’ engagement with science-related activities both inside and outside of 
school classroom settings is primarily predicted by self-efficacy for science learning, not 
by gender.  
5.6 Education levels 
Influence of education levels on visitors’ experience with Science Caravan 
activities and resulting changes in attitudes and motivation towards science learning was 
investigated to examine research question 5. A two-way, between-groups ANOVA was 
conducted to explore the impact of participation in the Science Caravan activities and 
education levels of participants on attitude and motivation towards science learning. 
Although different sample sizes between junior- and senior-level student participants were 
obviously noticed in this study, the assumptions of equality of error variances for a two-
way ANOVA technique, including an independent-sample t-test, were not violated. This 
indicates that the variances of the two groups of participants were equal. 
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5.6.1 Changed attitude towards science learning  
Participation in Science Caravan activities resulted in positive changes in mean 
scores for all three scales of attitude towards science learning in general. The impact of 
Science Caravan engagement was not different for students in the two education levels. 
Therefore, the attitude component of the fifth hypothesis was rejected (Table 5.7). Even 
though increases in visitors’ positive attitude towards science learning were found in all 
scales, not all scales were statistically significant (Table 5.8).  
There were significant main effects both for the pre-/post-test mean scores of 
Perceived values, and Future participation, and for education levels. The interaction effects 
were non-significant; Perceptions in the value of science: F(1, 2479) = 1.21, p = .272; and 
Future participation: F(1, 2479) = 1.14, p = .285. This means that junior and senior 
secondary school levels differ in terms of their scores of Perceived value, F(1, 2479) = 
45.18, p < .001, and Future participations in science, F(1, 2479) = 10.34, p = .001, and 
there were differences between before and after intervention in mean scores of Perceived 
value, F(1, 2479) = 11.12, p = .001, and Future participation, F(1, 2479) = 7.42, p = .007 
(Table 5.7). But there was no interactive effect and the changes before and after the visit 
were similar for younger and older students. 
Table 5.7 Two-way ANOVA of measures of attitude looking at change from before (pre-test) and 
after (post-test) participation in Science Caravan activities as influenced by education levels of 
junior and senior secondary school students. 
Scales  Mean Square df F η2     R2 
Personal feelings  
     Pre-/Post-test 
     Education level 
     Pre-/Post-test x Level 




















      
Perceived value  
     Pre-/Post-test 
     Education level 
     Pre-/Post-test x Level 




















      
Future participation  
     Pre-/Post-test 
     Education level 
     Pre-/Post-test x Level 




















        N.B.: * p<.05, ** p<.01, *** p<.001 
More specifically, participation in Science Caravan activities had a significant 
positive impact on a belief in the importance of and the value of science for junior and 
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senior secondary school students which senior secondary school students scored 
significantly higher than junior levels for both the pre- and the post-test. Science Caravan 
engagement also had a positive impact on personal intention to engage in Future 
participation and learn more about science in the future for junior but was not significant 
for senior levels. Junior level participants expressed significantly more positive attitudes 
than seniors in the pre-test, but no significant difference in the post-test (Table 5.8). This 
indicates that senior-level participants' scores of Future participation had a significant 
improvement reaching close to the level of junior-level participants’ after Science Caravan 
engagement. The results of the effect sizes of three scales can be interpreted that 54.8 - 58.4 
percent of the post-test scores were greater than an average mean score of the pre-test. 
Table 5.8 Independent-samples t-tests compared pre-test and post-test mean scores on three scales 
of attitude towards science learning as influenced by education levels of junior and senior high 
school students. 
                
Scales                          Level 
Pre-test 
(df = 1397)  
Post-test 




Mean S.D. tpre Mean  S.D. tpost tpost-pre df 



















           



















           



















N.B.: * p < .05, ** p < .01, *** p < .001, tpre = the results of comparing males’ and females’ scores of the 
pre-test, tpost = the results of comparing males’ and females’ scores of the post-test. tpost-pre = the results of 
comparing between the pre- and post-test scores of male and female participants.   
In addition, there was only a significant main effect of the intervention for Personal 
feelings, with the difference between the pre- and the post-test mean scores, F(1, 2479) = 
9.37, p = .002. The interaction effects were non-significant; Personal feelings, F(1, 2479) 
= .01, p = .945. This indicates that a positive change in Personal feelings after participating 
in the Science Caravan activity between junior and senior levels were not different (Table 
5.8). However, the significant positive change can be found only in junior levels (Table 
5.8). 
This study revealed that Science Caravan engagement had a positive impact on both 
junior and senior secondary school student participants’ attitudes towards science learning. 
Although senior student participants only had a significant change in the mean score of 
Perceived value, there was no significant difference in the impact of participation in Science 
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Caravan on the three scales between junior and senior student participants, and thus the 
fifth hypothesis was rejected.         
Although senior students had higher scores on the three scales of attitude towards 
science learning both before and after participating in Science Caravan, there was no 
significant difference between scores for junior and senior students, indicating that both 
groups of participants initially had similar levels of feeling about science learning, and both 
groups felt more positive towards learning science after engaging in Science Caravan 
activities. Another aspect of this result perhaps implies that students’ interest in science 
remains steady, albeit increasing with age. This differs from the findings of Potvin & 
Hasni’s (2014) study which showed that students’ interest in science declines as they grow 
older.  
In terms of Perceived value, it would seem that prior experiences together with 
academic knowledge were strongly involved with the way participants perceive the extent 
of the value of science to their society. The result clearly shows that senior student 
participants scored significantly higher on the Perceived value scale than junior student 
participants both before (p < .001) and after (p < .001) their visit to Science Caravan. 
Regarding the questionnaire result in Chapter 4 section 4.6.2, although junior students 
showed the higher proportions of some scientific principles that they could link to their 
real-life experiences than senior students prior to Science Caravan engagement, it seems 
that their prior experiences and academic knowledge were not sufficient to make a link to 
what they have found and learned from Science Caravan activities. Therefore, while 
engaging with Science Caravan, senior student participants saw more scientific principles 
that they could link to real-life experiences than junior student participants.        
One of the possible reasons senior student participants scored significantly higher 
on Perceived value than junior student participants is that they experienced significantly 
more Recognition of the importance about science after the experience than they had 
anticipated before their Science Caravan engagement (see Appendix C4.2)  Another factor 
that seems to influence the improvement of attitude towards science learning for both 
groups is enjoyment; enjoyment is central to connections between science knowledge, 
value, interest, and future engagement (Ainley & Ainley, 2011a). This provides a possible 
explanation for why both junior and senior student participants scored similarly on the scale 
of Future participation after engaging in the programme, although senior student-
participants had scored higher on this scale before engagement.  
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Regarding the questionnaire result in Chapter 4 section 4.6.1, both junior and senior 
student-participants significantly reported a significantly higher proportion of an enjoyable 
experience acquired from engaging in Science Caravan compared to their expectation of 
how much they would enjoy participating. Therefore, it would seem that Science Caravan 
provided an enjoyable experience for both junior and senior student participants, which in 
turn, influenced both groups so that scores on Future participation were not significantly 
different. Bamby et al. (2008) argued that attitude towards school science is an important 
factor for students as to whether they would engage in science in the future. Dohn (2013) 
found that enjoyable experiences students acquired from learning outside of school settings 
were a valuable outcome which improved students’ interest in learning science. This in turn 
might influence further improvements in students’ learning motivation. 
5.6.2 Changed motivation towards science learning  
As previously discussed, participation in Science Caravan activities also resulted in 
positive changes in mean scores for all three scales of motivation towards science learning. 
The impact of Science Caravan engagement was not dependent on the education level of 
visitor. Therefore, the motivation component of the fifth hypothesis was rejected (Table 
5.9). Even though increases in visitors’ positive motivation towards science learning were 
found in all scales, not all scales were statistically significant (Table 5.10).  
The results of two-way ANOVAs showed that there was only a significant 
difference in the effect of the pre-/post-test mean scores of Self-efficacy, F(1, 2480) = 15.17, 
p < .001. The interaction effects were non-significant; Self-efficacy, F(1, 2480) = 2.56, p = 
.110. This indicates that positive changes in the scale of Self-efficacy after participating in 
the Science Caravan activities were similar for students at junior and senior levels (Table 
5.9). However, a significant positive change after Science Caravan engagement can be 








Table 5.9 Two-way ANOVA of measures of motivation looking at change from before (pre-test) 
and after (post-test) participation in Science Caravan activities as influenced by education levels 
of junior and senior secondary school students. 
Scales  Mean Square df F η2     R2 
Interest  
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Intrinsic motivation    
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Self-efficacy 
     Pre-/Post-test 
     Level 
     Pre-/Post-test x Level 




















        N.B.: * p < .05, ** p < .01, *** p < .001 
In addition, there were significant main effects both for the pre-/post-test mean 
scores of Intrinsic motivation, and Interest in science learning, and for education levels. 
The interaction effects were non-significant; Intrinsic motivation: F(1, 2480) = .02, p = 
.880; and Interest: F(1, 2480) = .02, p = .885. This means that junior and senior secondary 
school participants differ in terms of their scores of Intrinsic motivation, F(1, 2480) = 8.23, 
p = .004, and Interest in science learning, F(1, 2480) = 14.95, p < .001, and there were 
differences between before and after intervention in mean scores of Intrinsic motivation, 
F(1, 2480) = 9.50, p = .002, and Interest in science learning, F(1, 2480) = 14.06, p < .001 
(Table 5.9). The results of the significant effect sizes of the three scales can be interpreted 
that 56.0 - 60.0 percent of the post-test scores were greater than an average mean score of 







Table 5.10 Independent-samples t-tests compared pre-test and post-test mean scores on three scales 
of motivation towards science learning as influenced by education levels of junior and senior high 
school students. 
                
Scales                    Level 
Pre-test 
(df = 1397)  
Post-test 
























           
           



















           




















N.B.: * p < .05, ** p < .01, *** p < .001, tpre = the results of comparing juniors’ and seniors’ scores of the 
pre-test, tpost = the results of comparing juniors’ and seniors’ scores of the post-test. tpost-pre = the results of 
comparing between the pre- and the post-test scores of junior and senior participants  
Participation in Science Caravan activities had a significant positive impact on 
Intrinsic motivation to science learning for junior but was not significant for senior high 
school student participants. Although the pre-test senior levels’ scores were significantly 
higher than junior levels scores, there was no significant difference between these two 
groups in the post-test (Table 5.10). It would seem that junior-level participants' scores of 
Intrinsic motivation had significantly increased, reaching a similar level to senior-level 
participants’ after Science Caravan engagement. Science Caravan engagement also had 
significant positive impacts on personal feelings about science learning for both junior and 
senior student participants, with senior student participants’ scores being significantly 
higher than junior participants’ scores in both the pre- and the post-test. However, there 
was no significant difference in the impact of participation in Science Caravan on the three 
scales of motivation for both groups of junior and senior student participants, and thus the 
fifth hypothesis was rejected.                 
 The results of this study revealed that Science Caravan engagement had a positive 
impact on both junior and senior secondary school student participants’ motivation towards 
science learning. Whereas junior levels had a significant improvement in all scales of 
motivation towards science learning, senior levels showed a significant positive change 
only in the scale of Interest in learning science. This indicates that both groups of junior 
and senior student participants felt more positive interest towards learning science after 
engaging in Science Caravan activities. In addition, senior student participants’ scores were 
significantly higher on Interest in science learning than junior participants’ scores in both 
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the pre- and the post-test. It would seem that students from different grades have different 
levels of interest in learning science. 
According to interest development (Hidi & Renninger, 2006), the different levels 
of interest involve interaction with stored scientific content knowledge and stored value 
(e.g. feelings of competence) which influence an individual’s understanding and interest in 
science. More importantly, based on the notion that the value-related component of interest 
is likely to be mainly dependent on the knowledge-related component (Krapp, 2005; 
Schiefele, 2009), as a result senior secondary school student scores were undoubtedly 
higher on Interest than junior levels.  
However, from the perspective of the Person-object Theory of Interest (Krapp, 
2002), the interest construct is conceptualized as a combination of positive cognitive (e.g. 
perceived value, meaningful goals) and affective experiences (e.g. feelings of enjoyment) 
which seem to be more appropriate to provide reasonable explanation for why the Interest 
scale scores of senior secondary school students were higher than juniors’ after 
participating in Science Caravan. Based on participants’ self-reported perceived 
experiences acquired from Science Caravan engagement (see Chapter 4 section 4.6.1), 
although the post-test showed a significantly higher proportion of the experience of 
enjoyment (affective component) than the pre-test for both groups, the perception of 
recognition of the importance about science (cognitive component) was reported 
significantly higher only in senior level participants after participating in Science Caravan 
activities.              
 In terms of Intrinsic motivation, one of the possible reasons that senior level student 
participants scored higher for both the pre- and the post-test on Intrinsic motivation than 
junior levels is based on the notion that interest is a main component of intrinsic motivation 
(Silvia (2006). Hence the Interest-Intrinsic motivation consistency could be a strong 
conceptualization used to explain a significant difference in scores between junior and 
senior secondary school student participants in the pre-test. However, based on Self-
Determination Theory (Ryan & Deci, 2000b), enhancing intrinsic motivation depends 
mainly on the satisfactions an individual gains from engaging with intrinsically motivated 
activities or with a task that is interesting. Therefore, the post-test result suggests that 
Science Caravan engagement is likely to enhance interest and intrinsic motivation to learn 
science in junior students more than senior students, which results in high quality learning 
and creativity.      
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 More importantly, intrinsic motivation as emotional engagement (Froiland & 
Worrel, 2016) will be enhanced when individuals can perceive an increase in the feelings 
of autonomy (self-determination) and competence (self-efficacy) (Ryan & Deci, 2000b). 
Each of the participants might differ in the extent to which they perceive a sense of self-
determination. Senior secondary school students would not willingly attend the activities, 
i.e. science show, as their teachers chose for them which thus is likely to cause negative 
emotions (Stavrova & Urhahne, 2010). Based on the analyses (see Appendix C6.2), the 
science show activity does not have a significant predictive ability of enjoyment for senior 
level students, which is different from other groups of participants (i.e. male, female, and 
junior students), whereas the strongest predictor of perceived experience of enjoyment for 
them is a set of interactive exhibits located in the exhibition space where they were free to 
engage with whichever exhibits they wanted. Consequently, once the senior students felt 
not fully self-determined, it was rather difficult to promote their sense of intrinsic 
motivation (Koballa & Glynn, 20013). This might be one of the reasons that the Intrinsic 
motivation scale scores of senior student participants were not significantly improved after 
Science Caravan engagement.  
With regard to Self-efficacy formation posited by Bandura (1977, 1982), one’s self-
efficacy perception is based on interpreting information from four principle sources of 
which the most powerful source is mastery experiences (Britner & Pajares, 2006; Usher & 
Pajares, 2009), particularly when one eventually overcomes and experiences success in 
challenging activities that have been difficult for oneself or others (Bandura, 1997; Jansen 
et al., 2015). This suggests that students’ perception of self-efficacy for science learning 
improved because of the way scientific principles or science knowledge content illustrated 
in activities in Science Caravan is presented to ease understanding to a certain extent of 
what they have learned in a school science class. Consequently, students who feel more 
competence in science learning would be more likely to engage in an effective learning 
approach (e.g. find effective learning style) (Schunk & Pajares, 2009).  
In the pre-test results, student participants’ scores in Self-Efficacy scale were 
relatively high for both groups and there was not a significant difference between groups. 
Schunk & Mullen (2012) stated that a high level of self-efficacy towards a particular task 
is related to cognitive engagement. Hence, the result suggested that both groups have 
similarly high levels of initial self-efficacy for science learning and thus potentially expend 
the same level of willingness and effort to engage in and seek out information to understand 
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the activity at hand (Sinatra et al., 2015). However, in the post-test only the juniors' Self-
efficacy scores were significantly increased, indicating that participating in Science 
Caravan activities can enhance junior secondary school students’ belief about their 
capabilities of learning science which in turn influences their intrinsic motivation to learn 
science and can promote interest and enjoyment in physical activity engagement (Bandura, 
1997). On the contrary, in the case of senior secondary school students, other factors might 
influence their perceptions of self-efficacy during engaging in Science Caravan activities, 
for instance, self-determination (as described above), which in turn results in not 
significantly increased intrinsic motivation (Ryan & Deci, 2000a). 
The findings of this chapter are consistent with previous studies that showed that 
engaging in informal learning settings enhances students’ intrinsic motivation towards 
science learning (Goto et al., 2018). More importantly, once participants have realized the 
programme is relevant and personally meaningful to engage in their interest will be 
enhanced and developed (Behrendt & Franklin, 2014; Gaspard et al., 2015; Hulleman & 
Harackiewicz, 2009). Based on the findings of this study, Science Caravan affords a decent 
opportunity to connect students to learn science with enjoyment and simultaneously 
understand to certain extent scientific principles taught in the school classroom, which in 
turn influences their self-efficacy and intrinsic motivation to lean science further (Behrendt 
& Franklin, 2014; Spektor-Levy et al., 2016). 
5.7 Summary 
In the context of an informal science learning setting, the results showed that 
Science Caravan is an effective science outreach programme for improving attitude and 
motivation towards science learning of secondary school students in regional communities 
of Thailand. One advantage of the current study is that different aspects of attitude and 
motivation towards science learning were defined and measured separately with reliable 
and unidimensional measures. Hence the more detailed and obvious aspects of the influence 
of Science Caravan engagement on participants’ attitude and motivation were identified.  
As shown in the analyses, Science Caravan participation had a positive impact on 
all three elements of attitude and three elements of motivation towards science learning: 
(1) Affect - Personal feelings, that is, the feelings that participants perceive about science; 
(2) Cognition - Perceived value, the perceptions of the importance and value of scientific 
knowledge to self and in a broader context; (3) Behavioural intention - Future 
participation, that is, an intention to engage and learn  more about science in the future; (4) 
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Interest in science learning, that is, the affective motivation that supports paying attention 
to activities and enhancing learning science; (5) Intrinsic motivation, refers to, motivation 
to engage in activities for one’s inherent interest and that are enjoyable; and (6) Self-
Efficacy, for science learning, that is, the perceived capability of learning science. 
The results of Structural Equation Modelling showed that intention of future 
participation in science could be explained and predicted by both attitude and motivation 
towards science learning.  Besides, participation in Science Caravan had a stronger impact 
on visitors’ attitude than motivation towards science learning. Hence, a positive change in 
visitors’ attitude towards science learning is more likely than enhanced motivation to be an 
actual predictor of the impact of Science Caravan participation on visitors’ intention to 
engage in science-related activities in the future. 
With respect to gender, the only difference was in the Personal feelings scale for 
which male participants were more likely to increase their positive attitude influenced by 
Science Caravan engagement than females. Positive changes were not different for male 
and female high school student participants in Perceived value, Future participation, 
Intrinsic motivation, Self-efficacy, or Interest after participating in the Science Caravan 
activities, although a significant change could not be found in female participants’ 
Interest’s scores. This indicates that the programme had a similar positive impact for both 
male and female high school students.  
For education levels, in contrast, there were significant differences in the impact of 
engaging in Science Caravan activities on participants’ attitude towards science learning. 
Junior-level students had a higher improvement in Future participation, whereas senior-
level students had a higher improvement in Perceived value after Science Caravan 
participation. Personal feelings was the only scale in which the positive change after 
Science Caravan engagement was not different between junior- and senior-level student 
participants. Although the impact of engaging in Science Caravan activities on 
participants’ motivation towards science learning with regard to education levels was not 
different, Interest in science learning was the only scale that had a significantly positive 
change after Science Caravan engagement for senior high school students. More 
specifically, junior-level students had a significantly higher improvement in all three scales 
than senior-level students after Science Caravan participation. This suggests that education 
levels which are related to science content knowledge being learnt in school classes might 
play an important role for student visitors’ interest in science learning in Science Caravan. 
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Chapter 6 Learning preferences, expectations and learning experiences  
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This chapter explores participants’ perceptions about their own learning 
experiences, before and after their participation in Science Caravan. Most studies look at 
the impact of a science field trip on students’ attitude towards science without considering 
students’ perceptions of learning expectations or what they think they will gain from the 
field trip (Eshach, 2007). Multiple-choice questions in the pre-questionnaire of the 
instrument used in this thesis were designed as indirect measures to explore the perceptions 
of students who came to Science Caravan with regard to their: 1) expectations for 
participation; 2) awareness of physics principles in everyday life; and 3) perception of 
effective ways to learn science. Results were collected in the post-questionnaire from 
similar questions with regards to 1) learning experiences students gained from Science 
Caravan, 2) awareness of physics principles in everyday life, and 3) self-report of science 
learning preferences after their experience in a free-choice learning environment. This 
chapter discuss how a visit to Science Caravan could affect informal science learning 
experiences.  
Results of the study are presented in Section 6.2 – 6.6 and an integrated discussion 
is presented in Section 6.7. This provides a better understanding of the relationship between 
visitor experience expectations and the learning they derived from their Science Caravan 
engagement that will be useful in future development and refinement of Science Caravan 
activities. The results in this chapter also provide complementary information that is used 
for the interpretation and discussion of results in previous chapters.  
Findings 
Most of the school groups had time constraints. Fifty-nine per cent of participants 
(n = 637) spent less than five hours in Science Caravan. Students were more likely to 
participate in the activities that were of most interest to them first, including science shows, 
science labs, a maker space, and the planetarium. Therefore, approximately half of the 
participants could not attend interactive exhibits and hands-on activities since they did not 
have enough time.  
Most (82.6 %) of the participants (n = 898) attended more than two activities, 
approximately half of participants attended science shows (n = 592), interactive exhibits (n 
= 566), and hands-on activities (n = 566), followed by science laboratories (n = 508), a 
planetarium (n = 461), and a maker space (n = 271). As mentioned in Chapter 1, no 
reservation was needed for the interactive exhibits and hands-on activities. Hence, 
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participants were able to access these at any time. Bookings were needed for the other 
activities; as such, the percentage of participants who attended those activities was lower 
than for interactive exhibits and hands-on activities, except for science shows, which had 
the highest percentage of participants because the venues could accommodate a large 
number of visitors for each show.  
 
 
Figure 6.1 a) Percent of respondents who participated in each activity and b) number of activities 
attended by each respondent (N = 1087). 
6.2 Expectations and perceived learning experiences  
Previous studies have suggested that it is important for those involved with 
organizing informal learning settings and field trips to know about students’ expectations, 
as these influence their satisfaction from learning experiences outside school settings 
(Garner et al., 2015). This section presents what students anticipate they might gain and 
what they perceive they did gain from their Science Caravan visit. Since each individual’s 
expectations towards a particular thing are complex and multidimensional, a multiple-
choice question was used which allowed respondents to choose as many answers as 
applicable. The results from the pre- and the post-questionnaire show the degree to which 
students perceived their visit to Science Caravan met their learning expectations. 
Additionally, the results help uncover the main personal agendas of individuals engaging 
in the programme.  
 The results from the pre-questionnaire item, “Which of these do you think you 
might gain from NSM Science Caravan?” are presented in (Figure 6.2). Before their 
Science Caravan experience, the top four expectations of students were: attainment of new 
knowledge, with 1072 responses, enjoyment with 821, application in life with 704, and 
better understanding of science with 704. The other three expectations were better 
perspective on science with 609 responses, an experimental skill with 549, and recognition 





N.B.: * p < .05, ** p < .01 
Figure 6.2 Responses the question: “Which of these do you think you might gain from NSM 
Science Caravan?”, before (pre) and “Which of these did you gain from your visit to NSM Science 
Caravan?” after (post) the visit. 
As Figure 6.2 shows, in general, student participants experienced what they 
expected from a visit to Science Caravan except for better understanding of science, p < 
.05, Φ = -.01. Statistical testing (with McNemar’s test) indicated a significant increase, 
with a very small effect size for perception of enjoyment, p < .01, Φ = 0.02, by 6.8%, and 
the improvement of an experimental skill, p < .01, Φ = 0.01, by 6.7%. The results indicate 
that students’ expectations for experiencing enjoyment and improving experimental skills 
have been exceeded. 
6.3 Awareness of physics principles in everyday life  
Since activities in Science Caravan were developed and designed to connect 
physics principles to real-world situations, the answer choices listed in the multiple-choice 
question, “Which of the following principles of science are relevant to your everyday life?” 
were related to activities demonstrated in Science Caravan. The results collected from the 
pre-questionnaire reveal students’ perspectives about science, which they were able to 
relate to situations in their real lives. Additionally, the results obtained from the same 
question in the post-questionnaire can be used to explore which physics principles 
illustrated by activities or exhibits align with students’ prior perceptions. More importantly, 
the post-test results help reveal the effectiveness of Science Caravan activities and exhibits 
with regards to whether they connect physics principles to students’ real-life experiences.     
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 The top three physics principles students were able to relate to real-life situations 
both before and after participating in the Science Caravan were force & motion with 981 
responses, sound-pitch & frequency with 684, and pressure with 677 (Figure 6.3). 
 
N.B.: * p < .05, ** p < .01 
Figure 6.3 Self-reports about the relevance of physics principles illustrated in Science Caravan 
activities in response to the question: “Which of the following principles of science are relevant to 
your everyday life?”, before (pre) and after (post) the visit.  
As Figure 6.3 shows, students were more likely after their visit to be aware of 
pressure in everyday life, with a very small effect size, p < .01, Φ = .02, after participating 
in the Science Caravan programme. In contrast, students were less likely to be aware of 
current & voltage in everyday life, with a very small size effect, p < .01, Φ = .01.   
6.4 Perceptions of effective ways to learn science  
 Learning is a complex phenomenon with different theoretical perspectives about 
the causes, processes, and consequences, which learning influence cognitive, affective and 
behavioural learning (Schunk, 2014). Students’ perceptions of self-regulated learning refers 
to effective ways people learn by themselves (Dunn et al., 1989 cited in Pritchard, 2013). 
This study explores how visitors to Science Caravan were likely to approach an informal, 
science-related learning environment, rather than going deeply into a theoretical 
investigation of the self-regulated learning of students. A multiple-choice question was 
used to allow respondents to select multiple effective ways to learn science that were 
suitable for themselves. The results from both the pre- and the post-questionnaire revealed 
students’ perceptions of effective ways to learn science themselves, organise, process, and 
remember scientific content before and after engaging in Science Caravan activities. 
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Importantly for assessing impact and planning of future Science Caravan activities, the 
results can be used to investigate particular types of activities in Science Caravan that 
support learning preferences and engage visitors to learn science in the way that the activity 
is designed (as described in section 1.2).  
The results from the pre-questionnaire about perceived effective ways of learning 
science (Figure 6.4) showed that the three most noted mechanisms for self-learning that 
students selected before participating in Science Caravan were: doing experiments, with 
1033 responses; note taking/finding out myself, with 715; and watching science 
demonstration, with 514.  
 
N.B.: * p < .05, ** p < .01, *** p < .001 
Figure 6.4 Responses the question “Which of these do you think are effective ways to learn science 
by yourself?” before (pre) and after (post) a visit to Science Caravan.  
As Figure 6.4 shows, student perspectives about the two most effective ways for 
them to learn science after the Science Caravan visit were the same as those reported in the 
pre-questionnaire (doing experiments and note taking or finding out myself). The learning 
preferences by note taking/finding out myself was less likely to be reported as perceived 
effective ways of learning for some students after the visit (p < .05, Φ = 0.03). Interestingly, 
the third most selected learning strategy after the visit was invention; after engaging with 
Science Caravan activities, 10.2% more respondents reporting that inventing something 
themselves is an effective ways for them to learn science. There is a significant increase, 
with a small effect size, between the pre- and post-questionnaire of the proportion of 
responses to the perceived effective ways of learning by doing experiments, p < .001, Φ = 
0.09, and invention, p < .001, Φ = 0.02. 
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6.5 Predictors of perceived learning experiences 
 After their visit, students were asked the question; “What activities in NSM Science 
Caravan have you attended? Tick all that apply”. A logistic regression technique was 
conducted to find out activities that could possibly be the predictors for learning 
experiences (e.g. new knowledge, enjoyment, application in life) that participants would 
perhaps derive from each particular activity. This could possibly be useful in designing 
activities to support different ways for them to learn science (e.g. doing experiments, note 
taking/finding out myself, invention). Since participants engaged in many activities in 
Science Caravan, a multiple-choice question in the post-questionnaire allowed respondents 
to choose all activities they engaged with. 
Direct logistic regression was conducted to assess the impact of the types of 
activities engaged with in the visit on the likelihood that participants would report that they 
derived learning experiences from engaging in those activities. In this study, all kinds of 
perceived experiences (new knowledge, enjoyment, application in everyday lives, better 
understanding of science, experimental skills, better perception of science, and recognition 
the importance of science) reported from all respondents in the post-questionnaire were 
analysed (Table 6.1). Each regression model contained six independent variables/activities 
(science shows, interactive exhibits, hands-on activities, science labs, a planetarium, and a 
maker space). Each of the experiences were analysed separately in the models. The full 
models of all experiences containing all predictors (activities) were statistically significant, 
indicating that the models were able to distinguish between respondents who reported and 
did not report such experiences. The models as a whole explained between 13.3% and 
34.3% of the variance in all types of activities, and correctly classified between 68.8% and 
78.4% of respondents.  
All activities made a statistically significant contribution to the model (Table 6.1). 
Interactive exhibits were the strongest predictor of the perception of enjoyment, (science 
show was the second-strongest predictor). For acquisition of better understanding of 
science and better perception of science, the improvement of experimental skills was the 
strongest predictor (science lab is the second-strongest predictor). The science show was 
the strongest predictor of increased perception of application of science in everyday lives, 
and of recognition of the importance of science. A maker space was the strongest predictor 
of the acquisition of new knowledge, recording an odds ratio of 2.21. This indicated that 
respondents who attended a maker space were over two times more likely to report 
obtaining new knowledge than those who did not attend a maker space, controlling for all 
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N.B.: *p < .05, **p < .01, ***p < .001 
other factors in the model. Considering the odds ratios of other variables (activities), it 
would seem that participants had roughly equal probability to report gaining new 
knowledge from attending each of these other activities.  





The aim of conducting direct logistic regression analysis was to examine the impact 
of engaging with each of the activities in Science Caravan on the likelihood that student 
participants would report which activity might influence their perceived learning 
experiences. Figure 6.5 presents a summative result of each type of activity as the strongest 
predictor of perceived learning experiences.  
According to the aim of each activity described in Chapter 1, Figure 6.5 shows the 
way of engaging with each activity which were designed for encouraging visitors reaching 
the most effective learning outcomes and experiences as anticipated. For example, the 
maker space activity provides a workspace which involved inventing a flying object that 
can float in the vertical wind tunnel. Therefore, a desirable learning experience derived 
from the maker space activity should be experimental skills. This is because student 
participants are allowed to adjust and test the component of an object invented to achieve 
the mission assigned. However, the results showed that perceived learning experiences 
could be either consistent or not consistent with the aim of the activity.   
Note: *p < .05, **p < .01, ***p < .001. 














 Recognition the 
importance of 
science 
 β Odds β Odds β Odds β Odds β Odds β Odds β Odds 
Interactive 
exhibits 
***0.78 2.17 ***1.17 3.22 ***0.68 1.98 ***1.01 2.76 ***1.00 2.72 ***0.87 2.38 ***0.70 2.01 
Science show ***0.62 1.86 ***1.12 3.06 ***0.95 2.59 ***0.87 2.39 ***0.54 1.72 ***0.59 1.81 ***0.84 2.32 
Maker space **0.79 2.21 0.32 1.38 0.30 1.35 **0.52 1.68 0.08 1.08 0.21 1.24 0.31 1.36 
Hands-on 
activities 
***0.73 2.08 ***1.01 2.73 ***0.53 1.70 **0.44 1.56 ***0.54 1.72 ***0.71 2.04 ***0.64 1.90 
Science lab  ***0.73 2.08 ***0.76 2.13 ***0.67 1.94 *0.34 1.41 ***0.98 2.65 ***0.70 2.02 **0.44 1.55 
Planetarium ***0.57 1.76 ***0.86 2.35 **0.39 1.47 ***0.72 2.06 *0.31 1.36 ***0.46 1.58 **0.47 1.60 
Model ꭓ2 ***157.20 ***317.39 ***223.50 ***225.77 ***232.03 ***221.62 ***180.13 




Figure 6.5 Types of activities as the strongest predictors of perceived learning experiences. Dash 
arrows represent strongest predictors. 
 
 
6.6 Gender differences    
6.6.1 Expectations and perceived learning experiences 
There were no gender differences for the top two expectations male and female 
students reported prior to participating in Science Caravan (new knowledge: male 74.4%, 
female 77.3% and enjoyment: male 54.8%, female 60.1%). However, female students were 
significantly more likely to expect to learn more about science application in everyday life 
(52.6%) compared to male students (44.9%) (see Appendix C4.1).  
After engaging in the programme, comparing the results of the pre- and the post-
questionnaire indicates that both male and female student participants experienced what 
they expected from a visit to Science Caravan except for better understanding of science 
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enjoyment and improving experimental skills towards Science Caravan visit were 
exceeded. 
6.6.2 Awareness of physics principles in everyday life 
There was no effect of gender for the top three physics principles students were able 
to relate to real-life phenomenon before participating in Science Caravan (force & motion: 
male 66.7%, female 71.4%; pressure: male 47.6.7%, female 46.5%; and sound-pitch & 
frequency: male 45.4%, female: 50.3%). Overall, female students reported higher responses 
than male students for all physics principles listed in the pre-questionnaire except for the 
principle of magnetism, which the Chi-square test (with Yates Continuity Correction) 
indicated that male students showed a significantly higher response than female students 
(see Appendix C2.1). 
After engaging in the programme, there was no gender effect on the top three 
physics principles that male and female students could relate to their real-life experiences. 
These were the same as the pre-questionnaire result: force & motion, pressure, and sound-
pitch & frequency. A significant increase in the percentage of responses of physics 
principles that students related to real-life experiences, that was presumably gained from 
participation in Science Caravan, can only be found in female students for the principles 
of pressure (+10.1%) and sound-pitch & frequency (+5.1%). Refraction of light was the 
only physics principle that had a significantly decreased response in male students (male: -
8.0%). 
6.6.3 Changed perceptions of effective ways to learn science 
There were few differences between male and female students in their perceptions 
of effective ways of self-learning either before or after their Science Caravan experience. 
Before engaging with Science Caravan activities, the top two highest responses in the pre-
test were the same (doing experiments and note taking/finding out myself). However, 
statistical testing (with Yates Continuity Correction) indicated that female students showed 
a significantly greater perception than male students on note taking/finding out myself as 
an effective way of self-learning (see Appendix C3.1). The third highest response between 
male and female students were different: male students listed learning by inventing, 
whereas female students chose watching science demonstrations.  
After engaging in the programme, female students were significantly more likely to 
report an effective self-learning by doing experiments (female: 81.9%, male: 72.8%) and 
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note taking/finding out myself (female: 51.1%, male: 38.3%,). There were significantly 
different perceptions of effective self-learning by listening to teachers/scientists (female: 
41.9%, male: 34.3%), watching science demonstration (female: 38.0%, male: 29.3%), and 
linking science in everyday lives (female: 35.0%, male: 28.0%) (see Appendix C3.1) 
 The most significant increase in the percentage of responses for perceived effective 
self-learning among male and female high school students after participating in Science 
Caravan was for invention (female: +10.7%, male: +8.9%). Significant increases in 
response to doing experiments and problem-solving challenging questions occurred only 
for female students.  
6.6.4 Predictors of perceived learning experiences 
  Each of the experiences was also used to explore any differences in the predictive 
ability of each activity between male and female participants. The full models of all 
experiences containing all predictors (activities) were statistically significant indicating that 
the models were able to distinguish between respondents who reported and did not report 
such experiences for both male and female participants. The models had similar 
explanatory power for both male and female students, explaining between 11.3% and 
39.1% of the variance in all types of activities, and correctly classifying between 66.5% 
and 80.4% of respondents (see Appendix C6.1). 
For male students, interactive exhibits were the strongest predictor of application in 
everyday lives and the acquisition of better understanding of science; the science show was 
the second strongest predictor. Hands-on activity was the strongest predictor of the 
acquisition of new knowledge and recognition of the importance of science. The science 
lab was the strongest predictor of the improvement of experimental skills, and better 
perception of science. Finally, the planetarium was the strongest predictor of the perception 
of enjoyment; the science show was the second strongest predictor of enjoyment. Male 
participants reported deriving all of the learning experiences listed in this study through 
engaging with interactive exhibits and attending the science show. The science lab could 
be a predictor for all those experiences, except for recognition of the importance of science, 
whereas the maker space activity was the only predictor of better understanding of science. 
Moreover, all activities except the maker space were significant predictors of enjoyment 
and better perception of science for male participants.       
For female students, interactive exhibits were the strongest predictor of the 
acquisition of better understanding of science, the improvement of experimental skills, and 
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better perception of science. The science show was the strongest predictor of application in 
everyday lives, and recognition of the importance of science. The maker space activity was 
the strongest predictor of the acquisition of new knowledge. Finally, the hands-on activity 
was the strongest predictor of the perception of enjoyment (a series of interactive exhibits 
was the second-strongest predictor). Female participants reported deriving all types of 
learning experiences listed in this study through engaging with interactive exhibits and 
hands-on activities and watching the science show. In addition, science lab activity could 
possibly be a predictor for all those experiences, except for better understanding of science. 
6.7 Education levels    
6.7.1 Expectations and perceived learning experiences 
For learning expectations, senior students were slightly more likely to expect all 
kinds of learning experiences listed in the questionnaire compared to junior students. 
However, there were no significant differences between students at the different education 
levels (see Appendix C4.2).  
The post-questionnaire result indicated that junior and senior students’ expectation 
from a visit to Science Caravan for experiencing enjoyment have been exceeded (senior: 
+8.8%; junior: +6.1%). Only junior students reported a significant increase in experimental 
skill (+6.9%), whereas only senior students reported a significant increase in recognition of 
the importance about science (+6.7). A better understanding of science was the only topic 
where there was a significantly decreased response for junior students (-8.0%) (see 
Appendix C4.2).  
6.7.2 Awareness of physics principles in everyday life 
There were few differences between junior and senior students in the scientific 
principles they were able to relate to real-life phenomenon before participating in Science 
Caravan. Statistical testing (with Yates Continuity Correction) indicated that senior 
students reported a higher awareness of the principles of force & motion in their lives than 
junior students (senior: 77.2%, junior: 66.8%) and potential-kinetic energy (senior: 38.3%, 
junior: 23.5%), whereas junior students reported a higher awareness than senior students 
for the principle of pressure (junior: 51.2%, senior: 41.1%) (see Appendix C2.2). 
After participating in Science Caravan, there were differences between junior and 
senior students in their responses about awareness of physics principles in everyday life. 
The principle of pressure was the only principle where junior students reported a 
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significantly higher percentage than senior students. The scientific principles where senior 
students had a greater response than junior students were force & motion, current-voltage, 
and potential-kinetic energy (see Appendix C2.2).  
There were differences in the increase of ability to relate physics principles to real-
world situations. Junior students had a higher increase for the principles of pressure 
(+10.7%), and senior students for the principles of magnetism (+11.5%).  
6.7.3 Changed perceptions of effective ways to learn science 
There were no education level differences for the top two perceptions of effective 
ways to learn science junior and senior students reported prior to participating in Science 
Caravan (doing experiments: junior 73.9%, senior 72.8% and note taking/finding out 
myself: junior 51.2%, senior 50.2%).  However, senior students were significantly more 
likely to report linking science in everyday lives (senior 38.5%, junior 27.1%) and 
analytical thinking (senior 37.0%, junior 31.0%) (see Appendix C3.2). 
In summary, the significant change in the percentage of responses for perceived 
effective self-learning among junior and senior high school students after participating in 
Science Caravan was for invention (junior: +9.2%, senior: +12.6%). Significant increases 
in response to doing experiments occurred only for senior students (+9.9%). The only 
difference in decreased response was for note taking/finding out myself which was only 
significant for junior students (-4.7%) (see Appendix C3.2).  
6.7.4 Predictors of perceived learning experiences  
The differences between junior and senior high school students were explored in 
the predictive ability of each activity for perceived learning experiences. The full regression 
models of all experiences containing all predictors (activities) were statistically significant 
indicating that the models were able to distinguish between both junior and senior high 
school students who reported and did not report such experiences. The models had similar 
explanatory power for both junior and senior students, explaining between 10.7% and 
38.4% of the variance in all types of activities, and correctly classifying between 68.4% 
and 80.4% of respondents. This was useful in correlating participation in specific activities 
with participant perceptions of their different learning experiences (see Appendix C6.2) 
(see Appendix C6.2). 
For junior students (see Appendix C6.2), interactive exhibits were the strongest 
predictor of the acquisition of better understanding of science (science show was the second 
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strongest predictor), and better perception of science (science lab was the second strongest 
predictor). The science show was the strongest predictor of the perception of enjoyment, 
the application in everyday live, and recognition of the importance of science. The maker 
space was the strongest predictor of the acquisition of new knowledge. Finally, the science 
lab was the strongest predictor of the improvement of experimental skills (the interactive 
exhibit was the second strongest predictor). It seems that junior student participants could 
perhaps derive all kinds of learning experiences listed in this study from engaging in 
interactive exhibits, the science show, hands-on activities, and science lab. The planetarium 
could possibly be a predictor for all those experiences, except for the improvement of 
experimental skills, whereas the maker space activity could be perhaps the only predictor 
of new knowledge. Moreover, all activities could perhaps be significant predictors of 
enjoyment, application in everyday lives, better understanding of science, better perception 
of science, and recognition of the importance of science for junior student participants, 
except for a maker space activity. 
For senior students (see Appendix C6.2), interactive exhibits was the strongest 
predictor of the perception of enjoyment, the acquisition of better understanding of science, 
the improvement of experimental skills (science lab was the second strongest predictor), 
and recognition of the importance of science. The science show was the strongest predictor 
of the application in everyday lives. The maker space was the strongest predictor of better 
perception of science. Finally, the hands-on activity was the strongest predictor of the 
acquisition of new knowledge. It seems that senior student participants could perhaps 
derive all kinds of learning experiences listed in this study, except for application in 
everyday lives, from engaging in interactive exhibits, whereas all activities could possibly 
be a predictor of better perception of science, except for the science lab. 
6.8 Discussion 
Participants’ expectations and perceived learning experiences 
This study found visitors perceptions of experiencing learning at Science Caravan 
aligned with their pre-visit expectations. Since expectations are conceptualized as the 
precursors of motivation (Hsu, et al., 2010), the results from the pre-questionnaire suggest 
that student participants arriving at Science Caravan were highly motivated not only to 
learn content knowledge but also to experience enjoyment. Participants’ outcome 
expectations for a visit to Science Caravan were then largely fulfilled while engaging with 
various activities in the programme, since each of activities showed a strong predictive 
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ability for each particular type of learning experience, for both genders and education 
levels. For example, senior student participants who attended interactive exhibits were 
almost seven times more likely to report enjoyment than those who did not attend 
interactive exhibits. Hence, these results could be used to support the finding of an 
increased positive motivation (interest, intrinsic motivation and self-efficacy) in learning 
science after Science Caravan participation (see Chapter 5, section 5.3). It aligns with the 
study by Dohn (2011) who concluded that active participation in hands-on activities 
involves perception, which in turn promotes motivation and learning. 
The findings of this study are similar to those of Chen (2014) who evaluated a 
national science festival in Thailand and found that the majority of visitor expectations and 
learning experiences derived from the festival involved learning something new. This 
study’s results are also consistent with previous studies showing that school excursions to 
informal science learning environments encourage affective learning (enjoyment), connect 
science content with everyday lives (application in life), and curiosity. Affective learning 
goals are central to learning in a visit to Science Caravan.  This in turn might influence 
cognitive learning, “since affective learning goals guide cognition, select among beliefs, 
arrange priorities among goals, determine access to memories, and provide heuristics that 
influence reasoning, judgement and planning” (Oatley, 2000, cited in Dohn, 2013, p. 2733).    
According to Falk and Dierking’s (2000) contextual learning, from a personal 
context perspective, visitors’ learning in informal learning settings is influenced by 
motivation and expectant incentives. The affective domain, together with the cognitive 
domain of learning, impact students’ desire to find out new things and go more in-depth 
into a particular topic that they are already interested in or have newly encountered. Taking 
a closer look at expectations and attainment, the top three responses of students visiting 
Science Caravan cover two domains of learning. New knowledge acquisition and the 
application of scientific knowledge in life can be considered part of the cognitive domain. 
A perception of enjoyment is within the affective domain. After participating in Science 
Caravan, students were more likely to report that they gained enjoyment and experimental 
skills. This result is consistent with the findings of Lucas (2000), who showed that learning 
in informal settings can provide an enjoyable experience and first-hand psychomotor 
learning by doing experiments and hands-on activities. This result shows that Science 
Caravan provides an informal learning environment for those who expect and value 
enjoyable and knowledgeable learning experiences.     
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According to Social Cognitive Theory (Bandura, 1997), personal experiences 
influence individuals’ beliefs about the consequences of a given action. Thus, outcome 
expectations can sustain behaviour over long periods when one believes the actions will be 
fulfilled in the end (Schunk, 2014). Hence, the learning experiences students derived from 
the Science Caravan could be analogous to Eschach’s (2006) positive experience of 
learning in out-of-school settings which can form positive attitudes and interest. This study 
also documents the enjoyment of learning science that visitors experience with their visit 
to Science Caravan. Many aspects of outcome expectations of Science Caravan visitors 
need to be considered and improved, such as a stronger association between science 
concepts and their application in real life. Even though all science activities and exhibits 
developed for Science Caravan are illustrated relating to situations in everyday lives, it can 
be problematic to explain a particular scientific phenomenon in a way that everyone can 
understand by giving an example of a real-world situation; this is complicated by the 
differences of each visitor’s experiences and prior knowledge. This is especially true for 
the mathematics exhibits, as discussed in Chapters 4 and 7. 
Participants’ awareness of physics principles in everyday life 
This study provides evidence of participants’ awareness of physics principles which 
are mainly related to in-school science education. Based on the basic education core 
curriculum of Thailand applied across the country (OBEC 2008), the fundamental physics 
principles listed in the questionnaire are taught in typical school science education in years 
5-6 (primary school) and are taught more intensively in years 7-12 (secondary school). 
Hence, the questionnaire result could imply that the degree of responses to each of the 
physics principles would perhaps represent the extent to which students understand science 
content knowledge presented in school (Falk & Needham, 2011). This could perhaps 
influence how visitors interpret and construct knowledge when engaging in activities 
in Science Caravan.  
According to Bloom’s (1956) cognitive domain of learning, the ability to apply or 
connect scientific principles in real-world scenarios is based on the ability to remember and 
understand science content knowledge that participants have learnt in their school science 
classroom. In comparing the changed proportion of responses to each physics principle 
between the pre- and post-test, the increase in the percentage of responses in some physics 
principles could imply that their experience at Science Caravan enabled participants to be 
more aware of particular physics content knowledge in their everyday lives. The decrease 
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in the proportion of responses after their visit is harder to explain; it is possible that 
respondents chose other physics principles because they found them more relevant and had 
better understanding after engaging with those Science Caravan activities. In addition, it 
might be because the presentation of unfamiliar concepts and the contents illustrated in 
certain activities would be difficult to understand and connect some scientific principles to 
respondents’ science classroom lessons.         
The interactive exhibits in Science Caravan with which students in this study 
engaged seem to have had the most influence on their construction and reconstruction of 
physics knowledge and principles. Interactive science exhibits could possibly increase 
understanding and learning about science for visitors who know little as well as those who 
already have a certain level of prior knowledge (Stavrova & Urhahne, 2010). The study of 
how students construct knowledge of scientific principles during a school field trip to the 
science museum conducted by Anderson et al. (2000) showed that prior knowledge and 
experience acquired from both real-life experience and school science education have a 
significant influence on students’ construction of new knowledge and understanding, hence 
influencing their learning outcomes. However, making a link between knowledge obtained 
from school science education and real-life experiences outside of school depends 
dramatically on an individual’s ability to link (Tran, 2011).  
Since affective learning outcomes, such as positive attitude, interest, and motivation 
towards science, acquired from excursions to informal science learning environments may 
provide more great memories for school students than cognitive learning (Wolins et al., 
1992), this study paid more attention to affective components of learning. From the 
perspective of Science Caravan staff, however, providing learning opportunities with a 
variety of science-related activities to school children can build on t their prior knowledge 
and contribute to their learning experience about science, which in turn might have an 
influence on aspects of their learning outcomes from both in- and out-of-school settings. 
Previous studies have shown that students with prior knowledge and experience related to 
the subject matter of the informal learning environments, in particular, are likely to 
experience favourable emotional and motivational outcomes (Itzek‐Greulich & Vollmer, 
2017). This in turn influences academic self-concept and cognitive learning achievement 
(Buff et al., 2011). In addition, students’ prior knowledge plays a vital role in influencing 
their motivation and expectations of learning in informal learning settings (Stavrova & 
Urhahne, 2010). In this study, these potential outcomes of a visit to Science Caravan were 
explored in more detail in Chapter 5. 
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Participants’ perceived effective ways to learn science  
The effectiveness of Science Caravan’s informal learning environment on students’ 
learning experiences is influenced by a variety of activities in the programme, which 
provided participants with different potential learning opportunities. Tran (2011) points out 
that the types of activities students engage in within informal learning settings play a crucial 
role in predicting learning experiences and outcomes. Dohn’s (2011) study revealed that a 
variety of activities provided in an informal education setting are significant factors that 
stimulate participants’ intrinsic learning motivation.  
After Science Caravan participation, the results indicated that student participants 
were more likely to be aware of the benefit of active engagement-related learning (e.g. 
doing experiments, inventing). In contrast, participants were less likely to indicate note 
taking or finding out myself were effective ways of learning after their Science Caravan 
participation.    
While the perspective of “doing experiments” is influenced by a common belief that 
it is mainly related to working in a science laboratory, creating science toys and testing 
variables of interactive exhibits are also considered experimenting, including finding out 
myself, in the process of inquiry-based learning. It seems that engaging actively with 
activities are perceived to be the most effective way of science learning by oneself for a 
large proportion of visitors to Science Caravan. Importantly, working in a small group, for 
instance, in science labs and a maker space has been shown to be more effective than 
theoretical teaching approaches (Slavin, et al., 2014), particularly in out-of-school settings 
(Price & Hein, 1991). Conducting a science experiment in a laboratory using professional 
scientific equipment might improve students’ affective learning, situational and individual 
interest in science (Dohn, 2011; Javis & Pell, 2005). 
Ideally, Science Caravan as a travelling science museum provides first-hand 
science experiences as free-choice learning. Practically, however, student visitors have a 
range of choices from non-choice to free-choice. Some student visitors have a freedom to 
choose what activities (such as science shows, maker space, and planetarium) they would 
like to attend, whereas for others, their teachers made that decision for them. However, all 
student visitors have the potential to explore free-choice learning in the exhibition space. 
And most students participating in Science Caravan are allowed to experience a variety of 
activities with different types of learning strategies. An advantage of this arrangement is 
that students are exposed to various engagement approaches which increase their 
opportunities to accommodate their own, individual learning preferences. Having more 
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awareness of effective modes for self-learning might be beneficial to students themselves 
towards self-learning in the different types of informal science learning environments; this 
could facilitate formation of a positive attitude towards science learning and potentially 
future participation in science (Lin & Schunn, 2016). The impact of a visit to Science 
Caravan on these outcomes is discussed in Chapter 5.     
Overall, these findings are potentially useful for NSM staff to understand the 
learning preferences of Science Caravan visitors to improve existing activities or develop 
new ones for the programme to serve as wide a range of self-learning strategies as possible. 
For example, scientific content provided on the exhibit label should make use of pictures, 
diagrams, graphic demonstrations, together with written explanations, to allow students 
who are visual learners or read/write learners to make a choice of which types of resources 
to use. Moreover, the findings also could potentially raise awareness of NSM staff who are 
involved in developing exhibits and activities, that individual school students are likely to 
learn in different ways to each other. Visitors can adopt different styles in different learning 
situations and contexts (Mumford, 1987), especially in the case of learning in informal 
settings, to satisfy the personal objective of participation. Once students have been actively 
engaged in their own learning process that complements their learning preference, self-
esteem and motivation may be improved, which can enhance learning outcomes and 
significantly increase academic achievement (Pritchard, 2013).         
6.9 Summary 
Based on the results from participants’ self-reports, it would seem that participants 
were aware of physics principles which they can relate to real-life phenomena to a certain 
extent. The proportions of responses for each principle indicates to which extent 
participants understand that principle compared to others. Therefore, the increase of 
responses after engaging in Science Caravan activities for any of the physics principles 
indicates that participants were more aware of and might be more confident about their 
understanding about that particular principle.        
This chapter also explored participants’ perception of their self-learning 
preferences, which might represent the best way for them to learn science, at least with 
regard to life-long learning. It would seem that self-learning preferences before engaging 
in Science Caravan are influenced by a shared belief that studying science mainly involves 
conducting experiments in a laboratory. After participating in the programme, participants’ 
perspectives about science learning by “doing experiments” as the best way to learn science 
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changed and is not limited to a laboratory setting. Science learning by making an invention 
increased as perceived effective way of self-learning in participants of both genders and 
education levels.  
Participants in Science Caravan appeared to be motivated to learn since they 
reported gaining new knowledge as their highest expectation for their visit. The findings 
showed that female participants and junior student participants reported obtaining new 
knowledge through engaging with any of the activities, whereas male participants and 
senior student participants were more likely to report gaining new knowledge from only 
some activities (e.g. interactive exhibits, hands-on activities). Participants also expected to 
experience enjoyment; this was the second highest expectation reported in the pre-test 
questionnaire. After engaging in Science Caravan activities, it seems that visitor 
expectations were met in general. More importantly, their expectations for experiencing 
enjoyment and improving experimental skills towards Science Caravan visit were 
exceeded. The results in this chapter can be beneficial to those who design informal science 
learning activities in terms of the improvement of scientific knowledge content, and types 
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This study examined the impact of visitation to a travelling science museum, the 
NSM Science Caravan, on high school students in rural and regional Thailand. Unobtrusive 
observations in the exhibition space were used to assess student behaviour, and potential 
learning-related active engagement with interactive exhibits. A questionnaire to determine 
changes in students’ attitude and motivation towards science learning was developed, 
piloted, validated, and administered before (pre) and after (post) the visit. In addition, a 
semi-structured interview was designed to further explore findings of the questionnaire-
based surveys and the observations. 
Junior and senior high school students from over 80 schools throughout five regions 
of Thailand contributed to this research. The students were asked to complete a brief survey 
before (N = 1,424) and after (N = 1,104) participating in Science Caravan activities on-
site. In addition, 589 students were observed while engaging with exhibits and 43 students 
were interviewed. The data were collected over a period of 12 weeks between November 
2017 and February 2018 – during which Science Caravan visited six provincial high 
schools and six local universities in 12 provinces representing all five regions of Thailand. 
At each venue, Science Caravan was opened to visitors for four days, Tuesday - Friday: 
0830 - 1600 hrs., with six major sections of activities: interactive science exhibits, hands-
on activities, science shows, science labs, a Maker Space activity, and a mobile 
planetarium.  
This chapter summarises and synthesises key findings for each of the research 
questions. The implications of the findings for improvement in the NSM Science Caravan 
programme and for other science outreach programmes are discussed and 
recommendations are made.   
7.2 Research questions and major findings 
Question 1: Do school students manifest learning behaviours when they engage 
with interactive exhibits at Science Caravan?  
Yes; student learning behaviours and active engagement were notable while they 
visited exhibits, as measured by observation using an adaptation of the Visitor Engagement 
Framework with three levels of learning behaviour (Initiation, Transition, and 
Breakthrough; see Table 3.2).  
All observed visitors (100%) engaged with interactive exhibits and reached at least 
the Initiation level of learning behaviour, 76% reached at least the Transition level, and 
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30% reached the Breakthrough level. These findings are consistent with other studies which 
have shown a similar pattern of visitors’ engagement with various types of interactive 
exhibits occurring in informal science learning settings (Barriault & Pearson, 2010; Shaby 
et al., 2017). This study went further and found that learning behaviours were affected by 
exhibit characteristics, gender, education levels, and the number of peer group members.  
The most common maximum level of learning behaviour that Science Caravan 
visitors reached was the middle learning behaviour category of Transition (50%), followed 
by the highest Breakthrough level (30%). A minority of observed visitors (20%) only 
reached the Initiation level. The results suggest that Science Caravan visitors were likely 
to experience affective learning while engaging with interactive exhibits in the exhibition 
space. If this interactive and authentic experience involved increasing interest, and 
stimulating curiosity (Behrendt & Franklin, 2014; DeWitt & Storksdieck, 2008), it could 
lead to a high level of learning behaviour and intention to learn more (Sinatra et al., 2015).   
Reaching the Transition behaviour can indicate that a visitor’s interest and curiosity 
have been stimulated. After that, the most frequent learning behaviour observed was 
seeking information. Behaviours such as reading the label of an exhibit and making sense 
of a scientific explanation can satisfy personal cognitive and affective needs (Allen, 2004; 
Schreiber et al., 2013). This can be considered the initial steps of a cognitive engagement 
or conceptual learning. This suggests that the more affective learning visitors are 
experiencing, the more cognitive learning they are likely to experience. The observation 
results are consistent with self-report results; students who engaged with interactive 
exhibits were more likely to report perceived learning experiences of enjoyment, better 
understanding of science, experimental skills, and better perception of science (see Figure 
6.5).     
Female and senior-level students were more likely to engage in cognitive learning 
behaviours (Breakthrough) than affective learning behaviours (Transition) compared to 
male and junior-level students. The Science Caravan experience provides female students 
with opportunities for out-of-school, physics-related learning. Intensive engagement in 
such experiences is likely to be beneficial to their education outcomes; female and senior-
level students were likely to expend more effort (appearing to read the label/repeating and 
testing different variables) than male and junior-level students and hence were more likely 
to master the concept. This finding is consistent with the results of Chapter 5 which found 
that female and senior-level students are more likely to be intrinsically motivated to learn 
science than male and junior-level students before their visit (pre-test). In this sense, the 
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level of students’ cognitive engagement (Breakthrough) can be linked to students’ intrinsic 
motivation to learn science and vice versa. This notion is supported by Brophy (2010) who 
stated that motivation to learn from academic activities increases the tendency to make an 
effort to derive the learning benefits from engaging with them.     
In terms of social interaction as a factor affecting visitor learning, the finding of this 
study is consistent with previous studies which have shown that one of the advantages of 
visiting informal learning settings is allowing visitors to freely socialize with either their 
peers or explainers. As a consequence, visitors are likely to be more interested in (Dohn, 
2011) and have a more positive attitude towards the activity (Gutwill et al., 2015), and the 
atmosphere is likely to encourage emotional engagement. This has been shown to enhance 
interest and attitude towards science (Fredricks et al., 2004). This notion is supported by 
the results of this study which showed that the greater number of peers (up to four people), 
the more likely students were to reach the Transition behaviour – affective learning (see 
Figure 6.5).  
On the contrary, being alone or with peers did not influence whether participants 
reached the Breakthrough behaviour or cognitive engagement with exhibits in this free-
choice setting. Cognitive engagement is identified as willingness to engage in meaningful 
activities, purposiveness, learning strategy use, and self-oriented motivation (Sinatra et al, 
2015). This finding is consistent with the results of Chapter 5 and Chapter 6 which found 
that student participants were already highly motivated to gain new knowledge and highly 
intrinsically motivated to learn science when they arrived at the venue (the pre-test results). 
It is not surprising that highly motivated students might attend activities alone and reach 
the Breakthrough level of learning behaviour.    
As discussed in Chapter 4, this study suggests that an explainer is a beneficial 
component of the social interaction taking place in a free-choice learning setting which 
influences visitor’s behaviour to engage cognitively with exhibits. This study found that 
once an explainer had a conversation with the observed student(s), the students were more 
likely to reach the Breakthrough level of learning behaviour. Interviews revealed that 
visitors were aware that the explainers working in Science Caravan were resource people 
who could satisfy their intellectual needs. This study reinforces the value of informing 
visitors at or before the entry point of a venue that there are trained explainers working in 
the venue who are keen to help. Visitors should be encouraged to ask them questions 
regarding the scientific content knowledge illustrated by the exhibits. 
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Question 2: What characteristics of Science Caravan exhibits correspond with increased 
engagement and learning behaviours?  
High school students’ interactions with 38 exhibits were observed and analysed to 
examine how they engaged with exhibits and their learning behaviour. This study 
considered particular characteristics of exhibits that could affect students’ learning 
behaviour. The findings are useful for exhibit designers.  
The exhibits were classified using two criteria: i) types of manipulation (single-
/multiple-action), and ii) types of phenomenon (intuitive-based analogy/counterintuitive-
based analogy). Each of the types of exhibits supports different levels of visitor learning 
behaviour and different styles of learning (e.g. ‘finding out myself’ and ‘analytical 
thinking’). These findings are partly consistent with Gutwill’s (2008) study which reported 
that exhibits with multiple options of manipulation for visitors to interact with are more 
successful than exhibits with only one or few options. Gutwill argued that there are several 
drawbacks to a learning process that is initiated with presenting counterintuitive 
phenomena. However, the results of this thesis research showed that an exhibit which 
presents a counter-intuitive phenomenon together with multiple options of manipulation 
encourages high levels of learning-related engagement. This might influence in-depth 
learning outcomes which would be interesting to address in future studies.   
This study provides useful guidance for museum exhibit designers to improve the 
interactive characteristics of the exhibits to enhance the positive impact of visitor-exhibit 
interaction. The effect of combining different features of interactivity on encouraging 
visitors to engage with should be taken into consideration, especially when designing 
interactive exhibits to suit school students. For example, exhibits without experimenting 
variables should incorporate a surprise or present a counter-intuitive phenomenon in order 
to capture visitor interest and create lasting affective engagement. In turn, this is likely to 
influence cognitive engagement. This is the first evaluation of those exhibits developed in-
house by NSM’s Science Caravan, particularly tabletop exhibits. And this is an initial step 
of the remedial evaluation of existing exhibits in the museums, exhibits and exhibitions 
developed for special events in the future. 
Research Question 3: Does a visit to Science Caravan change attitudes towards science 
learning?       
Yes; participation in Science Caravan activities enhanced students’ positive attitude 
towards science learning. These findings are consistent with previous studies which have 
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shown that short-term visits to informal learning settings like science museums, science 
centres, or other similar institutions can have a positive impact on student attitudes towards 
science (e.g. Jarvis & Pell, 2002, 2005; Şentürk, & Özdemir, 2014; Suter, 2014).  
This contrasts with findings of Salmi et al (2016) who examined the impact of 
traveling science exhibitions taking place in European countries and found that the 
activities did not improve students’ attitudes towards science after participation. In the 
study by Salmi and colleagues, the traveling exhibition was composed of eight mobile 
interactive science exhibits related specifically to technology and engineering. This leads 
to the conclusion that one of the most important factors of informal science learning settings 
related to enhance students’ attitude towards science is a variety of activities. The setting 
of the Science Caravan programme incorporates a much larger number and wider range of 
activities (see section 1.2) which allows visitors freedom of choice and control their 
engagement with the activities they are interested in. These characteristics influence 
participants’ engagement in activities, which in turn can enhance participants’ positive 
attitude towards science learning.   
One advantage of the research reported in this thesis is that three elements of attitude 
towards science learning were defined and measured separately with reliable and 
unidimensional measures. These three elements of attitude are:  
(1) Affect - Personal feelings about science (Personal feelings);  
(2) Cognition - Perception of the value of science (Perceived value), the perceptions 
of the importance and value of scientific knowledge both to oneself and to society 
in a broader context; and  
(3) Behaviour - Intentions of future participation in science (Future participation).  
Analysing three different scales of attitude towards science learning separately 
before and after Science Caravan participation showed that the programme had a positive 
impact on high school students’ attitude related to all scales with a very high level of 
significance. In general, the findings of this study are consistent with previous studies in 
which student participants had positive attitudes towards science and were aware of the 
importance of science (Gogolin, & Swartz, 1992; Yuenyong & Najaikaew, 2009), but were 
less likely to intend to participate in science-based activities (Jenkins, & Nelson, 2005). 
Findings presented in Chapter 5 show that before the visit, high school student participants’ 
Personal feelings and Perceived value towards science were already highly positive, but 
they were less likely to choose to engage in science studies in higher education or talking 
to other people about science. After Science Caravan engagement, however, students were 
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significantly more inclined to participate in science in the future - Future participation -, 
with this having the largest positive change compared to the other scales.            
The impact of participation on Personal feelings, Perceived value, and Future 
participation was not correlated with gender or education levels. For example, both female 
and male visitors demonstrated an increased score of Personal feelings after the visit; 
however engagement in Science Caravan appeared to decrease the gender gap in students’ 
scores for Personal feelings towards science learning. While female visitors showed a 
significantly higher score for Personal feelings than males before their visit, there was no 
gender-related difference after the visit. However, there was no a statistically significant 
interaction effect between gender and the impact of participation. In addition, junior high 
school students showed a highly significant level of improvement in Future participation 
in science learning after Science Caravan engagement. This suggests that the programme 
has particular value for encouraging junior high school students to study science in future 
education levels.           
Research Question 4: Does a visit to Science Caravan change motivation towards science 
learning? 
Yes; even though, students visiting the NSM Science Caravan were already highly 
motivated to learn science when they arrived at the venue, a short-term visit to Science 
Caravan enhanced students’ positive motivation towards science learning. Since 
motivations are influenced by expectations, the result from self-reported questionnaire 
regarding participants’ expectations for a visit to Science Caravan could be used as one 
possible explanation for this result. The overall results show that all students had 
expectations for their visit; results after Science Caravan participation show that their 
expectations were met. This scaffolding could enhance the increased positive motivation 
in learning science. Student participants’ initial expectations included cognitive outcomes 
(e.g. new knowledge, and application in life) as well as affective outcome (enjoyment). The 
affective domain, together with the cognitive domain of learning, impacts students’ desire 
to find out new things and go in-depth into a particular topic that they are already interested 
in or have recently encountered.  
The findings of this study are similar to those of Chen (2014) who evaluated the 
national science festival in Thailand and found that the majority of visitor expectations and 
learning experiences derived from the festival involved learning something new. Social 
Cognitive Theory (Bandura, 1997) predicts that outcome expectations and goals are 
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important learning factors, and motivation stimulates individuals to perform actions which 
are directed by one’s expectations and goals. This study found that a visit to Science 
Caravan resulted in perceptions of experiencing learning aligned with participants’ pre-
visit expectations. Participants’ outcome expectations for a visit to Science Caravan were 
largely fulfilled while engaging with various activities in the programme, since 
participating in activities showed a strong predictive ability for preference for each 
particular type of learning experience (see Table 6.2), especially with regard to both gender 
and education level (see Appendix C6). This notion is supported by Vennix et al., (2018) 
who stated that engaging with real-life content-based activities in informal science learning 
settings can enhance students’ perception of personal relevance which in turn influences an 
increased autonomous motivation and interest in science. 
This study showed that students’ Interest, Self-efficacy, and Intrinsic motivation 
towards science learning were enhanced after Science Caravan participation and none of 
these constructs were affected by student gender or education levels. These findings align 
with those of previous studies which showed that active participation in informal learning 
settings can enhance student’s intrinsic motivation (Goto et al., 2018), interest (Itzek‐
Greulich & Vollmer, 2017; Behrendt & Franklin, 2014), and self-efficacy towards science 
(Martin et al, 2016; Sasson, 2014). This study extends what has been observed in previous 
studies and showed that a single, short visit to a travelling science outreach programme can 
enhance multiple dimensions of motivation towards science learning by providing 
participants a variety of activities and a sense of self-determination to sustain their intrinsic 
motivation and interest to learn. In addition, engaging visitors in science inquiry-based 
learning activities (e.g. interactive exhibits, maker space) can facilitate mastery 
experiences, which in turn enhances science self-efficacy for science learning.  
Learning in free-choice settings affords visitors opportunities to explore and engage 
with what they are interested in. Although the influence of Self-determination was not 
evaluated in this study, the findings accord with Self-determination Theory which suggests 
that increased feelings of competence (self-efficacy) can lead to a sense of autonomy and 
thus enhance intrinsic motivation towards learning (Deci et al., 1991). The results of this 
study suggest that the Science Caravan programme can provide a learning environment 
that contributes to student participants’ experiences of enjoyment and also supports a sense 
of choice and control of an individual’s learning while engaging with activities. This is 
consistent with findings from Salmi and Thuneberg’s (2019) study of the role of self-
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determined learning in the setting of a mobile science exhibition, and is in accordance with 
the contextual model of learning (Falk & Dierking, 2000).  
Taking things a step further, results from this study of Science Caravan 
participation were used to determine if components of attitude (affect - Personal feelings, 
and cognition - Perceived value), and motivation towards science learning (Self-efficacy 
and Intrinsic motivation) could predict a visitor’s intention to engage in science-related 
activities in the future (Future participation). Structural equation modelling was used to 
calculate and test this hypothesis, based on the theoretical framework developed in this 
study (see Figure 2.2). The analytical results of the structural model (see Figure 5.2) showed 
that intention of future participation in science could be predicted by attitude and 
motivation towards science learning in both the pre- and the post-test. While the motivation 
components consisting of Self-efficacy and Intrinsic motivation were the strongest predictor 
of intention of Future participation in science at a very high level of significance (p < 
.001), there was not a significant change in motivation after participation in Science 
Caravan. However, there was a change in students’ attitude towards learning science after 
participating in Science Caravan. There were no effects of gender or education levels on 
either construct. Consequently, the impact of Science Caravan participation on visitors’ 
increased intention of future engagement in science-related activities is more likely due to 
a positive change in visitors’ attitude towards science learning rather than increased 
motivation.  
Interest is another psychological construct used to predict an intention of future 
participation in science-related activities (Ainley & Ainley, 2011a). Therefore, an 
improvement of students’ interest in science can determine an increase of intended future 
participation in science. Chapter 5 describes increases in students’ Future participation 
scores and Interest scores after Science Caravan engagement. The results suggest that 
visiting Science Caravan resulted in increased interest in science which in turn influenced 
an intention to participate in science learning in the future both inside and outside of school 
settings.       
Participating in Science Caravan activities enhanced positive attitude and greater 
motivation towards science learning. This supports the notion that participating in school 
science field trips to informal learning settings like science museums has a positive 
relationship with students’ attitude towards science learning (Falk & Needham, 2011), and 
importantly, in their beliefs in their own abilities to learn science (OECD, 2012). 
Engagement in learning settings can be an expression of intrinsic motivation to learn 
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(Froiland, & Worrell, 2016). Learning is also influenced by prior knowledge and 
experiences, initial interest, expectations, belief and choice (Behrendt & Franklin, 2014) 
which can be seen in the results of initial information about participants (see Chapter 6). 
Based on these results, it would seem that students were learning while participating in 
Science Caravan activities.  
To visualize an overview of this study’s findings with regard to the research 
questions, Figure 7.1 presents the interrelationship among theories, concepts, and research 
findings of the present study.  
 
Figure 7.1 Summary model of theoretical framework of science learning in informal settings. Solid 
shapes and arrows indicate findings from both empirical and anecdotal evidence of this study.   
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From theoretical perspectives, a variety of activities incorporated into setting and 
atmosphere enhances visitors’ sense of autonomy (choice and control) and intrinsic 
motivation and encourages them to explore. This in turn nurtures and develops a higher 
level of interest and potential learning. The novelty of the setting can increase motivation 
and visitors’ learning-related exploratory behaviour which leads to enjoyment of the 
learning experience (Chen, Darst, & Pangrazi, 2001). This is consistent with the results of 
improvement on an affective element of attitude (Personal feelings), Interest, and Intrinsic 
motivation, which are also relevant to the learning-related emotional engagement 
(Transition behaviours) observed mainly in the exhibition space. In this free-choice setting, 
intrinsic motivation plays a crucial role in visitor persistence with repeating the activity and 
spending effort to master the phenomenon illustrated by the exhibits with feelings of 
enjoyment (Linnenbrink & Pintrich, 2000). Consequently, mastery experience while 
engaging with the activity of interest can contribute to an increase in self-efficacy and self-
determination (Hidi & Renninger, 2006; Koballa & Glynn, 2007), which in turn enhances 
intrinsic motivation (Ryan & Deci, 2000). 
Even in a short school excursion, students are positive about a break from their 
school classroom routine to go on an out-of-school field trip during school hours. This is 
particularly special for disadvantaged students in rural schools. In addition, a visit to 
informal learning settings “has many potential advantages: nurturing curiosity, improving 
motivation and attitude, engaging the audience through participation and social interaction, 
and enrichment. By nurturing curiosity, the desire to learn can be enhanced” (Ramey-
Gassert et al., 1994, p. 351). This notion is consistent with this study’s findings which 
showed that a visit to Science Caravan could arouse students’ situational interest, attitude 
and motivation to learn from the moment they arrived at the Science Caravan venue. This 
is because the setting and atmosphere of a venue with many students from other schools, 
as well as the students being briefed about what activities they would find at the venue, 
might enhance positive affect and provide situational triggers for students’ interest, 
particularly in the activity at the venue. 
Observation of students during engagement with exhibits revealed empirical 
evidence of learning-related behaviours and the potential for learning outcomes. Eighty per 
cent of observed students demonstrated active engagement that can contribute to affective 
and cognitive learning. This study’s findings also support the notion that social interaction 
plays a crucial component of learning in informal settings (Dohn, 2011, Falk & Dierking, 
2002) since being with peers or having interaction with volunteer explainers while 
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engaging with exhibits was correlated with students  reaching a higher level of engagement 
compared to when engaging with exhibits alone, enhancing interest and attitude towards 
science (Fredricks et al., 2004).  
Based on the Theory of Planned Behaviour used in this study, the statistical results 
showed that affective (Personal feelings) and cognitive (Perceived value) elements of 
attitude, including Self-efficacy and Intrinsic motivation could influence Future 
participation. In other words, students’ attitude and motivation towards science learning 
are likely to predict their behavioural intention to engage with science in the future. This is 
consistent with the interview results; when students were asked what they would say about 
the NSM Science Caravan sixty-one per cent of answers were “fun” (or impressed) and 
forty-nine per cent were desire for Science Caravan to come again (or more often, or every 
year) (see Appendix C6).          
7.3 Strengths and Limitations of study 
As with any study, this research had both strengths and limitations. Both are 
discussed in this section, providing reasons for confidence in the results of the study, 
caveats about limits of reliability, and grounds for future research which will be discussed 
in Section 7.5.  
7.3.1 Strengths 
(1) Paper-based data collection is simple, but it has several disadvantages, 
especially if a large sample size is required. For this study, data were collected digitally, 
using computer tablets onsite to overcome concerns. This method reduces the difficulty of 
ticking marks on paper without a flat surface, eliminates the need to check data that was 
filled automatically, and more importantly reducing the possibility of errors in data entry 
and transfer of results to statistical software. The drawback of using a computer tablet as a 
digital data collection in this study is discussed in Section 7.3.2).       
(2) Choosing a survey software to incorporate into a computer tablet was one of the 
most important steps in this study. Considerations were that: i) the software as a mobile 
application must be compatible with a computer tablet for both Android and iOS operation 
systems, and ii) the software must be able to operate offline because of poor internet 
connection in many regional and rural communities of Thailand. In this study, therefore, 
Qualtrics Offline Surveys application was chosen. Data were stored in the application until 
it was manually uploaded by the researcher into a cloud-based system of the software.   
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(3) It has been acknowledged that measuring affective variables are challenging and 
it can be difficult to detect a change, especially in relation to impact of a short-term visit to 
informal learning settings. Therefore, care was taken in developing an instrument in this 
study to increase the likelihood that a change, even a small change, influenced by a visit 
could be detected. Validity and reliability of a measure with regard to a psychometric 
measure was taken into consideration throughout the process of instrument development.    
(4) In order to understand visitors’ learning more clearly, multiple theoretical 
frameworks were adopted, modified and used (section 2.2.2) in this study’s development 
of instruments. This was particularly important in allowing the researcher to become 
confident with interpreting the observation results in relation to drawing a connection 
between visible manifestations of visitors’ behaviours and learning outcomes.   
7.3.2 Limitations 
(1) An initial intention of mine was to examine the impact of participation in Science 
Caravan on both primary and secondary school students. However, a pilot study illustrated 
that reading comprehension of primary school students limited their ability to participate 
constructively with the experimental instrument. Hence data collection was restricted to 
older students. Future research would need to develop a research instrument that suits 
primary school students in order to collect accurate and reliable responses with regard to 
effect of participation in a science outreach programme on attitude and motivation towards 
science learning. Such a study would expand understanding of the impact of the Science 
Caravan programme with younger students in rural communities of Thailand.  
(2) The difficulty of collecting matching pre- and the post-questionnaire results 
from the same respondents onsite was not anticipated. It is possible that students who had 
already completed the questionnaire once did not appreciate the importance of matching 
responses and so were less inclined to return to fill it out again. Emphasis of the value of 
their post-questionnaire at the time of completing the pre-test might have increased the 
likelihood of their return and thus final response rate. While not ideal, this study used 
combined pre-post survey data instead of match-paired survey data. Even though matching 
individual respondent scores between the pretest and the posttest is a more robust method 
to detect changes, a sufficiently large sample size can compensate for the lack of matching 
individuals since the average-based changes and the individual-based changes are closely 
related (Estrada et al., 2019). However, data obtained from two repeated samples would 
improve confidence in the findings of an impact evaluation. One way to increase likelihood 
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of matching responses would be to ask for official collaboration with target schools before 
their visit to ensure that all prospective research participants are instructed about the need 
to fill out both pre and post-test questionnaires.  
  (3) The answers from interviews did not provide much insight or profound results 
because of the limitations of data collection related to time constraints, the venue for 
interviewing, and characteristics of Thai children. As mentioned in Section 3.5.4.3, 
interviews took place at the assembly point where students were waiting for transport to 
get back to a school. I could not separate the interviewees from their school group since 
they would have felt uncomfortable and worried about missing their transport. A 
disadvantage of being interviewed among their peers was that participants were interrupted 
and distracted by noise directly and indirectly from their peers. Participants were shy about 
being recorded while being interviewed; some of them stopped or refused to be interviewed 
and most others gave one-word answers instead of giving meaningful answers. Follow-up 
interviews or adequate time for interviews in a separate venue would be more appropriate 
in future research. Interview questions for this demographic should be designed to obtain 
key words or phrases, rather than detailed, descriptive answers. 
7.4 Implications  
The research findings and resulting discussion presented in this thesis have 
implications that can be grouped into three main topics. First, results can inform 
improvements for existing exhibits and activities in order to enhance visitors’ learning 
outcome experiences. Second, results are useful for the development of measures for 
attitudes and motivation towards science learning, with well-defined and valid constructs, 
that could be suitable for either science outreach programmes or museums. Third, results 
can help in early stages of development of outreach programmes as informal learning 
resources.  
In relation to the first topic, observing visitors engaging with interactive exhibits in 
this study revealed many factors influencing different levels of engagement. In a free-
choice setting like an exhibition space, students are free to explore and engage in what they 
might or might not be interested ininitially . Capturing their attention and providing more 
experiments are important for encouraging visitors to explore and construct knowledge 
themselves. Investigating visitors’ behaviours by incorporating the newly developed 
framework of an interactive exhibit classification suggested that exhibits with multiple 
options of manipulation that present counter-intuitive phenomena can provoke a high level 
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of cognitive and affective engagement. This indicates a truly meaning-making learning 
experience derived from the interactions.  
This study shows that the exhibition space of Science Caravan was generally 
successful in supporting visitors’ active engagement, providing free-choice learning 
experiences, and enjoyable interactions with exhibits. The next steps of the development of 
interactive exhibits, including other activities, is to improve visitors’ cognitive engagement 
by enhancing the educational value whereby students can connect learning experience from 
activities to school knowledge and life experience. In particular, the low proportion of 
higher-level learning behaviours at the mathematics exhibits provides a challenge and 
opportunity to develop exhibits that encourage visitors to connect mathematical concepts 
with real-world applications. 
Interactive exhibits were designed to foster visitors’ inquiry-based learning while 
they are in the exhibition space. However, a learning experience might be cut short before 
a maximum inquiry experience is achieved, especially if some exhibits are too complicated 
for primary school students. An orientation that lets visitors know that there are volunteer 
explainers who could be asked questions might ameliorate that. 
Regarding the second topic, this thesis developed and tested an instrument to 
evaluate multidimensional constructs of attitude and motivation towards science learning 
that can be used in existing programmes. The research findings showed the different 
impacts of Science Caravan participation on multiple dimensions of visitor attitude and 
motivation. Since there are some dimensions that have low improvement to a particular 
group of visitors after Science Caravan participation, particularly Perception of the value 
of science dimension, these results should prompt the development of content knowledge 
to complement the existing activities and exhibitions or to develop new ones that relate to 
the value of science. For example, an exhibition presenting an integration of Thai local 
wisdom in scientific knowledge would perhaps connect the content to visitors’ rural life 
experience and enhance an awareness of the importance and value of science, with the 
highest expected outcome to encourage lifelong science learning. This could be beneficial 
to achieve the aims of the programme in raising awareness of science in Thai society, 
especially in rural communities. It could also raise awareness of the value of Thai local 
wisdom to visitors in larger regional settings. 
In addition to the usefulness of measures for evaluating the Science Caravan, the 
measures could be beneficial to other science outreach programmes and other informal 
learning settings to examine an impact of a visit, especially for high school children. The 
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results obtained from the measures not only reflect the learning experiences pupils derived 
from a visit to informal science learning settings, but also assess the visit’s influence on 
whether pupils intend to pursue science studies or careers in the future. This could be 
followed up with longitudinal study, as discussed in the following section. 
The third topic relates to development of new science outreach programmes. This 
research provides useful information both for practitioners and for researchers who want to 
assess their effectiveness. The results from Chapter 6 suggest that providing a variety of 
activities is one of the most important aspects for informal learning environments. The 
differences of visitors’ prior experiences and knowledge, expectations, and learning 
preferences, which are generally associated with gender and education levels, influence 
visitor perceptions of their learning experiences. Preferences for different activities in 
Science Caravan were revealed; for instance, the science shows presented in Science 
Caravan are suitable for visitors who prefer learning science by linking science to their 
everyday lives, listening to explainers, and watching science demonstrations (see Figure 
6.5).  
Further improvement could be guided by these research results towards enhancing 
a particular type of science learning experience or improving others to achieve the 
objectives of an activity. While the maker space activity, for instance, aims to support a 
learning style of problem-solving in a challenging task and improve experimental skills, 
these were the least likely preferred learning styles to be reported by student participants 
who attended the activity (see Appendices C5 and C6). Since practitioners should consider 
their target audiences before developing activities in order to anticipate the highest 
likelihood of learning outcomes derived from the programme, this study provides 
information about which types of activities can support each type of learning preferences 
or provide different types of learning experiences (see Figure 6.5).       
7.5 Future research 
The results and discussions elaborated in this thesis research have stimulated 
questions for future studies. For example, does participation in Science Caravan have a 
long-term impact on students’ attitude and motivation towards science learning? And if so, 
does an increased positive attitude and motivation influence lifelong learning in science? 
Although, this study conducted a pre- and post-test evaluation, a longitudinal study was not 
within the scope of the thesis. Preliminary findings provide a complementary result that 
warrants further study (see Figure 5.2). A lesson learnt from attempting to collect long-
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term post-test results in this study was that reaching out to school teachers, who brought 
students to participate in Science Caravan, is unlikely to be effective. Not only are they 
always busy, they also lack authority for administrative decision-making to contribute to 
the research without official permission. The distribution of an online questionnaire survey 
would introduce sample bias. In the case of this study, potential long-term respondents were 
limited to Science Caravan visitors who had a Facebook account and followed an official 
Facebook page of Science Caravan. In this sense, it is likely that they hold a more 
favourable feeling of engaging with Science Caravan which would likely skew the sample 
towards positive feelings about science. A properly designed longitudinal evaluation in a 
future study could provide information about different aspects of the programme as well as 
robust results about its long-term impact. Designing the procedure for collecting data could 
involve asking for official collaboration with target schools beforehand. 
The component of subjective norms in the Theory of Planned Behaviour (Ajzen, 
1991) was not included in the instrument developed for this study. Nonetheless, evidence 
about learning behaviours of students in peer groups indicate it might play a crucial role in 
either enhancing or diminishing students’ attitude and motivation towards science learning, 
particularly in an informal learning context. Since science education in Thailand 
emphasises science content knowledge, and the interrelationship between science 
technology and society (Yuenyong & Najaikaew, 2009), examining the influence of 
subjective norms on students’ behavioural intention to learn science could perhaps lead to 
other questions. For example, what expectations do parents, teachers and peers have 
towards students when participating in informal science learning settings? The results could 
be useful for improving the effectiveness of the Science Caravan programme in the future, 
with an aim of influencing decisions of more Thai students to study science (or related) in 
higher education and pursue science careers.  
7.6 Conclusions 
NSM Science Caravan is a large-scale science museum that travels outside the 
National Science Museum (NSM) in Bangkok. It is a science outreach programme which 
aims to promote, inspire, and encourage children, in particular in regional and rural 
communities of Thailand, to learn about science with enjoyment. The programme brings a 
variety of science activities: 60 tabletop interactive exhibits; 10 hands-on activities; science 
shows; science labs; mobile planetarium; and a Maker space activity.  
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The results of this research make an important contribution to the literature on 
informal science learning by investigating the impact of participation in a travelling science 
museum. This study used reliable measures with a large sample size representing high 
school student visitors in cities and towns from different cultures and regions across the 
country. This increases confidence in the generalizability of the findings and has particular 
implications for museum practitioners working in a travelling science museum setting. This 
study demonstrates that the travelling science museum provides an opportunity for school 
students to explore and learn science with enjoyment, particularly building on their self-
determined motivation in a free-choice exhibition space. The self-report results provide 
insight into students’ perceived learning experiences and perceptions of effective ways of 
self-learning which are interrelated to the different types of activities attended in the setting.       
This study revealed that a visit to a travelling science museum resulted in a 
significant increase in multi-dimensions of positive attitude and motivation that students 
had towards learning science. This was true for both genders and education levels in the 
study. The observation of visitor behaviour while they engaged with interactive exhibits 
elucidated affective and cognitive learning-related active engagement. Characteristics of 
exhibits affect students’ engagement level which in turn influences different potential 
learning outcomes. Thus, the implications of this research are directly useful for improving 
the Science Caravan programme in every aspect, are relevant to other museums of NSM 
Thailand, as well as other informal learning settings. This provides a useful study for other 
institutions which may wish to initiate or improve an outreach programme.   
The Science Caravan programme has been delivering an enjoyable experience of 
science-relates activities to over four hundred cities and towns in regional, rural, and remote 
communities across Thailand since 2008, and has provided educational services for over 
three million school students. The success of the programme had been previously evaluated 
only superficially by counting number of visitors. This study provides robust measures of 
the operation and outcomes of the programme which could serve as a model for evaluation 
of the effectiveness of other education-related interventions or programmes in the future.  
This study provides evidence that a visit to a travelling science museum can enhance 
positive feelings about science, perceptions of the value of science, interest in learning 
science, intrinsic motivation and self-efficacy for science learning. Participation in Science 
Caravan increased the intention of school students to learn science in the future. A visit to 
a free-choice science learning opportunity like Thailand’s NSM Science Caravan is one 
effective way to enhance all students’ positive attitude about and interest in science, and 
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motivation towards science learning. This could cultivate and nurture visitors' interest in 
lifelong science learning, irrespective of whether they continue in formal science education. 
This study also suggests that a visit to a free-choice science museum encourages some 
children to consider continuation of their study of science in formal education and perhaps 
afterwards to pursue science careers. 
In conclusion, this research has provided original results that contribute to the 
understanding of positive impacts of participation in a science outreach programme on 
school students. The implications of this study extend far beyond the single group of 
participants and the single science outreach programme investigated, with relevance to 
other informal learning settings. However, to draw universal conclusions regarding the 
short-term impacts of visiting informal science learning settings, more studies are 
necessary. Further research on science outreach programmes or informal learning settings, 
addressing the limitations mentioned above and building on the findings of this study, will 
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1. I am interested in science. 1. I am interested in science.  O 
4. Participating in science activities is fun. 4. Participating in science activities is fun.  O 
7. Science is one of my favourite subjects.  7. Science is one of my favourite subjects.  Hillman et. al., 2016 V 
10. Finding out more about science is enjoyable. 10. Finding out more about science is enjoyable.  O 
13. I do not like talking to other people about science. 13. I like talking to other people about science. Kind et. al., 2007 V/M 
Perception in 
the value of 
science   
2. Science is involved with everything around me. 2. Science is involved with everything around me.  O 
5. Science is helpful in understanding the world. 5. Science is helpful in understanding today’s world. Hillman et. al., 2016 M 
8. Science discoveries do not help people live better. 8. Science discoveries help people live better. Hillman et. al., 2016 M 
11. Science is of great importance to a country’s   
      development. 
11. Science is of great importance to a country’s  
      development. 
 O 
14. People should understand science because it is  
      important parts of their lives. 
14. People should understand science because it is one of  
      the important parts of their lives. 




3. I would like to do more science activities outside school. 3. I would like to do more science activities outside school. Kind et. al., 2007 V 
6. I would like to study in science in a higher education.  6. I would like to study in science in a higher education.  Hillman et. al., 2016 O 
9. I would like to learn more about science.  9. I would like to learn more about science.   O 
12. I would like to work in science-related career in the  
      future. 
12. I would like to work in science-related career in the  
      future. 
Kind et. al., 2007 O 
15. I would not like to be a scientist.  15. I would like to be a scientist.  Kind et. al., 2007 V 
 











Pilot items Revised items References *Remarks 
Intrinsic 
motivation 
1. I enjoy learning about science. 1. I enjoy learning about science. Glynn et al., 2011 M 
4. I’d like to know how science is relevant to my everyday  
    life. 
4. I’d like to know how science is relevant to my everyday  
    life. 
 O 
7. I am not curious about discoveries in science. 7. I am curious about discoveries in science. Glynn et al., 2011 M 
10. Getting know more about science is exciting to me.  10. Getting know more about science is exciting to me.  O 
13. Learning science is interesting.  13. Learning science is interesting. Glynn, et al., 2011 V 
Self-efficacy  2. Getting to know more about science makes me feel more  
    confident about studying science in the future. 
2. Getting to know more about science makes me feel more  




(Bandura, 2006)  
O 
5. I cannot find out more about science by myself.  5. I can find out more about science by myself. O 
8. I am confident about studying science in my education. 8. I am confident about studying science in my education. O 
11. I can explain many things around me with science. 11. I can explain many things around me with science. O 
14. I can see that participating in the Science Caravan  
      activity can help me understand more about science. 
14. I can see that participating in the Science Caravan  




3. I try hard to understand difficult science concepts. 3. I try hard to understand difficult science concepts. Tuan et. al., 2012 M 
6. I put adequate effort into learning science. 6. I put adequate effort into learning science. Glynn, et al., 2011 M 
9. I employ different approaches that ensure I learn science  
    well. 
9. I employ different approaches that ensure I learn science  
    well. 
Glynn, et al., 2011 
M 
12. If I find science content difficult, I give up or only do the  
      easy parts. 
12. If I find science content difficult, I make an effort to  
      understand it. 
Tuan et. al., 2012 
M 
15. To understand science, I usually connect it to previous  
      experiences. 
15. To understand science, I usually connect it to previous  
      experiences. 
 
O 




Observation checklist of visitor learning behaviours; adopted from the Visitor Based Learning Framework (Barriault & Pearson,2010) 
Date:   …………………………  Period of time:  ……………………………………  hrs.       An exhibit category: ………………………………  An exhibit title: ………………………..…………   
Visitor Information Initial behaviours Transition behaviours Breakthrough behaviours Notes 
No. Junior/ 
Senior  
Gender Doing activity Observing others at 
exhibit 




Involves/engaged No of members 
in group 
1          
2          
3          
4          
5          
6          
7          
8          
9          
10          
11          
12          





Thank you for agreeing to participate in this interview. If there are any questions that you do not 
what to answer, or if you want to quit at any time that is fine, just let me know. This interview will 
be recorded. Are you O.K.?  
1. Did you learn something new today?  
Prompt: If yes, what was it? 
2. Did you find out how science relates to your everyday life?  
Prompt: If yes, in what way (s)?  
Prompt: Can you give a specific example? 
3. Have you been given a task from your teacher to find out about science in Science Caravan?  
Prompt: If yes, can you give a specific example? 
4. What do you do if you do not understand the content of an exhibit during engaging? 
5. Was there anything from the NSM Science Caravan activity that you can relate to your studying  
science in a school class? 
Prompt: If yes, can you give a specific example? 
Prompt: Is it extra the curriculum? 
6. Has your participating in the Science Caravan activity been a valuable experience for you?  
Prompt: If yes, In what way(s)? 
7. Will you tell other people about what you find out about science today? 
Prompt: If yes, In what way(s)? 








Appendix C1  
Calculating a sample size  
In terms of sample size, due to the fact that sample size was decided beforehand by 
the average number of Science Caravan visitors each semester over the last three years. 
Therefore, the population size of target participants which was taken into the calculation is 
48,000. To yield the accuracy, reliability and representativeness of the study which had 
been set to 99% confidence level with 5% confidence interval.  According to determining 
the sample size that is an acceptable representative of the population, therefore, the 
minimum sample required for this research was calculated using the following Krejcie & 
Morgan’s formula (1970). 
Required sample size (n) = X2NP(1-P) ÷ [d2(N-1) + X2P(1-P)] 
X2 = table value of Chi-square at df = 1 at the 99% confidence level (6.64) 
N = population size (48,000) 
P = population proportion  
      (assumed to be 0.5, as it provides the maximum sample size)  
d = the degree of accuracy at the 5% confidence interval (0.05) 
 
Sample size (n) = 6.64×48,000×0.5×(1-0.5) ÷ [0.52×(48,000-1)+6.64×0.5×(1-0.5)] 









Appendix C2 Percentage of self-reports about the relevance of physics principles 
illustrated in Science Caravan activities, before and after the visit. 
Appendix C2.1: Gender 
Principles of science 










Force & Motion 66.7 71.4 62.8 ***74.2 -3.9 2.8 
Pressure 47.6 48.5 53.3 58.6 5.7 ***10.1 
Sound-Pitch and frequency 45.4 50.3 42.2 ***55.4 -3.2 *5.1 
Conductor-insulator 37.4 40.0 38.8 44.2 1.4 4.2 
Refraction of light  39.9 42.4 31.9 **42.5 *-8.0 0.1 
Current-Voltage   33.3 37.3 29.8 32.1 -3.5 *-5.2 
Potential-Kinetic energy       23.6 27.9 26.6 29.1 3.0 1.2 
Magnetism  *27.8 22.7 26.1 25.7 -1.7 3.0 
        N.B.: * p < .05, ** p < .01, *** p < .001 
 
Appendix C2.2: Education levels 
Principles of science 









Junior  Senior 
Force & Motion 66.8 **77.2 67.0 ***78.6 0.2 1.4 
Pressure ***51.2 41.1 ***61.9 43.1 ***10.7 2.0 
Sound – Pitch and frequency 47.5 51.7 49.6 53.9 2.1 2.2 
Conductor and insulator 40.6 35.8 42.3 42.4 1.7 6.6 
Refraction of light  42.9 38.5 37.9 41.4 -5.0 2.9 
Current-Voltage   34.4 33.7 28.7 **40.0 *-5.7 6.3 
Potential-Kinetic energy       23.5 ***38.3 23.9 ***39.7 0.4 1.4 
Magnetism  25.6 21.4 23.2 32.9 -2.4 **11.5 








Appendix C3 Percentage of self-reports of perceptions of effective ways to learn science 
before and after Science Caravan participation. 
Appendix C3.1: Gender 
The preferred way to learn science 
by yourself. 










Doing experiment  70.5 75.1 72.8 ***81.9 2.3 ***6.9 
Note taking/finding out myself   42.3 ***55.1 38.3 ***51.1 -4.0 -3.9 
Invention   *38.5 32.4 47.5 43.1 **8.9 ***10.7 
Listening to teachers/scientists  33.0 37.8 34.3 *41.9 1.3 4.2 
Watching science demonstration 32.2 *38.7 29.3 **38.0 -2.9 -0.7 
Analytical thinking    32.4 32.9 31.1 36.2 -1.2 3.2 
Linking science in everyday lives   26.9 *32.2 28.0 *35.0 1.1 2.8 
Problem-solving in the challenging 
questions 
20.3 22.2 21.1 26.4 0.8 *4.2 
    N.B.: * p < .05, ** p < .01, *** p < .001 
 
Appendix C3.2: Education levels 
The preferred way to learn science 
by yourself. 









Junior  Senior 
Doing experiment  73.9 72.8 77.3 82.7 3.4 **9.9 
Note taking/finding out myself   51.2 50.2 46.5 47.1 *-4.7 -3.1 
Invention   35.0 33.2 44.2 45.8 ***9.2 **12.6 
Listening to teachers/scientists  36.2 36.3 38.9 40.3 2.7 4.0 
Watching science demonstration 35.2 39.7 33.8 38.0 -1.4 -1.7 
Analytical thinking    31.0 *37.0 33.6 36.6 2.6 -0.4 
Linking science in everyday lives   27.1 ***38.5 30.4 38.3 3.3 -0.2 
Problem-Solving in the challenging 
questions 
21.6 21.6 23.6 *27.1 2.0 5.5 








Appendix C4 Percentage of self-reports of expectations and perceived learning 
experiences before and after Science Caravan participation 
Appendix C4.1: Gender 
Benefits you might gain from 
Science Caravan 










New Knowledge  74.4 77.3 73.9 *80.4 -0.5 3.1 
Enjoyment  54.8 60.1 59.1 **68.5 4.3 ***8.4 
Application in life  44.9 **52.6 38.8 ***53.4 -6.1 0.8 
Experimental skill  35.9 40.6 38.5 ***49.6 2.6 ***9.0 
Better understanding of science  47.1 51.6 35.9 **46.5 **-11.2 *-5.1 
Better perspective on science    41.6 44.2 38.8 *45.7 -2.8 1.5 
Recognition of the importance 
about science  
23.6 25.8 29.0 27.3 5.4 1.5 
 N.B.: * p < .05, ** p < .01, *** p < .001 
 
Appendix C4.2: Education levels 
Benefits you might gain from 
Science Caravan 









Junior  Senior 
New Knowledge  76.0 77.2 79.2 75.3 3.2 -1.9 
Enjoyment  57.0 62.0 63.1 *70.8 **6.1 *8.8 
Application in life  48.8 53.4 47.6 50.2 -1.2 -3.2 
Experimental skill  38.7 40.1 45.6 46.1 **6.9 6.0 
Better understanding of science  50.6 48.8 42.6 43.4 **-8.0 -5.4 
Better perspective on science    42.8 44.7 43.7 42.0 0.9 -2.7 
Recognition of the importance 
about science  
25.6 23.8 26.9 30.5 1.3 *6.7 







Appendix C5 Types of activities as predictors of perceived learning experiences. Appendix C5.1: Gender 
 



















 Recognition the 
importance of 
science 
  β Odds β Odds β Odds β Odds β Odds β Odds β Odds 
Interactive 
exhibits 
M **0.80 2.22 ***1.29 3.62 ***0.86 2.36 ***1.15 3.15 **0.81 2.24 ***1.08 2.93 **0.70 2.00 
 F **0.59 1.80 ***1.04 2.83 **0.50 1.64 ***0.91 2.48 ***1.03 2.81 ***0.71 2.03 ***0.73 2.07 
Science show M *0.55 1.73 ***1.44 4.22 ***0.84 2.33 ***1.11 3.03 **0.74 2.09 *0.55 1.74 **0.83 2.28 
 F **0.57 1.76 ***0.97 2.64 **1.03 2.79 ***0.80 2.22 **0.46 1.58 ***0.63 1.87 ***0.83 2.28 
Maker space M 0.18 1.20 -0.25 0.78 0.39 1.47 **0.91 2.47 -0.12 0.89 -0.58 0.56 0.09 1.10 
 F ***1.38 3.99 *0.70 2.00 0.31 1.37 0.36 1.43 0.17 1.19 **0.55 1.74 0.40 1.49 
Hands-on 
activities 
M ***0.93 2.54 *0.64 1.90 0.37 1.45 0.21 1.23 0.23 1.26 ***0.94 2.55 ***0.95 2.59 
 F *0.46 1.58 ***1.14 3.11 ***0.54 1.71 **0.48 1.62 ***0.64 1.90 ***0.60 1.82 *0.48 1.61 
Science lab  M *0.53 1.70 ***1.02 2.77 ***0.84 2.32 **0.73 2.06 ***1.37 3.95 ***1.25 3.47 0.48 1.62 
 F ***0.75 2.12 **0.60 1.83 **0.51 1.67 0.12 1.12 ***0.77 2.16 **0.46 1.59 *0.44 1.55 
Planetarium M 0.48 1.62 ***1.49 4.42 *0.53 1.70 ***0.90 2.47 0.40 1.49 **0.64 1.90 0.45 1.57 
 F *0.47 1.60 *0.48 1.61 0.30 1.35 ***0.64 1.90 0.26 1.29 *0.35 1.42 *0.46 1.59 
Model ꭓ2 M ***45.94 ***129.66 ***85.24 ***123.01 ***84.92 ***96.55 ***68.07 
 F ***84.61 ***173.91 ***221.04 ***125.78 ***134.18 ***120.74 ***107.61 
R2 M  .17  .39  .27  .38  .27  .31  .24 




Appendix C5.2: Education levels 
  
                 N.B.: * p < .05, ** p < .01, *** p < .001; J: Junior high school student participants, S: senior high school student participants 
  
 




















β Odds β Odds β Odds β Odds β Odds β Odds β Odds 
Interactive 
exhibits 
J ***0.77 2.15 ***0.87 2.39 ***0.72 2.04 ***1.03 2.81 ***0.88 2.42 ***0.89 2.44 *0.47 1.60 
 S *0.68 1.97 ***1.92 6.83 0.53 1.69 ***0.98 2.67 ***1.33 3.77 **0.86 2.35 ***1.27 3.56 
Science show J ***0.65 1.91 ***1.23 3.42 ***0.92 2.50 ***0.98 2.67 ***0.59 1.80 ***0.56 1.75 ***1.05 2.86 
 S 0.33 1.39 0.65 1.91 ***1.00 2.71 0.48 1.61 0.25 1.28 *0.71 2.03 0.30 1.34 
Maker space J **1.04 2.83 0.38 1.46 0.27 1.30 0.41 1.51 0.13 1.14 -0.16 0.85 0.20 1.22 
 S 0.50 1.65 0.17 1.18 0.39 1.48 *0.74 2.09 -0.03 0.97 ***1.02 2.76 0.51 1.66 
Hands-on 
activities 
J **0.62 1.85 ***0.95 2.59 **0.45 1.57 *0.42 1.52 ***0.64 1.90 ***0.77 2.15 ***0.76 2.14 
 S **0.92 2.50 ***1.00 2.73 **0.69 2.00 0.46 1.58 0.17 1.19 *0.61 1.84 0.28 1.33 
Science lab  J ***0.74 2.10 ***0.71 2.04 ***0.60 1.83 0.29 1.33 ***0.94 2.56 ***0.83 2.29 **0.53 1.69 
 S *0.64 1.90 **0.97 2.63 **0.79 2.20 0.55 1.74 ***1.09 2.96 0.39 1.47 0.37 1.45 
Planetarium J ***0.71 2.04 ***0.75 2.12 **0.42 1.52 ***0.73 2.07 0.19 1.20 **0.44 1.55 *0.44 1.55 
 S -0.04 0.96 ***1.20 3.32 0.19 1.21 *0.69 1.98 *0.68 1.98 *0.55 1.72 *0.66 1.94 
Model ꭓ2 J ***103.32 ***204.72 ***144.07 ***179.22 ***157.00 ***148.28 ***129.98 
 S ***33.36 ***92.53 ***64.13 ***65.16 ***66.17 ***72.03 ***51.32 
R2 J  .19  .31  .22  .27  .24  .23  .22 




Appendix C6 Answers from interview questions (N=43).  




     
